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Flow of "Jater thlongli Submerged Orifices and
Short Pipes with Mouthpieces
.
I. Introduction.
1. Prelininary .— Much expel imental work has been done on the
flow of water through orifices with discharge into air, although the
results pre not entirely consistent. For submerged discharge, how-
ever, experimental data ale rather meager, particularly at low heads.
For flow through short pipes or tubes, whether with entrance
inward projecting or flush, the experimental data for both free and
submerged dis charge are als o scanty and conflicting.
Furthermore, the effect of attaching converging or entrance
mouthpieces ard diverging or discharge mouthpieces, of various lengths
and angles^to a pipe has received very little attention, particularly
with sizes and proportions commonly met in engineering practice.
The minimizing of entrance losses, the regaining of velocity
head, as well as the producing of 'mooth flow in general is of con-
siderable importance in many engineering problems. It is hoped that
the investigation herein recorded may make available information
which will be applicable to a variety f engineering needs.
S. Scope o f Investigation .— The investigation was planned with
the view of securing information on the following principal points:
A • Sub me rge d Sha rp—e dge d r if i ce s .
1. The effect of very lor: herds on the coefficient of discharge
for orifices of various shapes and sizes.
2. The effect of shape (circular, square, and rectangular) on
the coefficient of discharge.
3. The effect of p.ize or area for any riven shape on the coeff-i-
cient of discharge.
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4. The comparison of submerged discharge with free discharge.
B. Submerged Short Pipe with I.Iouthpieces
.
1. The effect of very low heads on the coefficients of discharge
and los s
.
2. The effect of angle of convergence, for entrance mouthpieces,
and angle of divergence
;
for discharge mOu.thpieces , on the coefficient 3
of discharge and loss.
3. The effect of length of mouthpieces, both entrance and dis-
charge, on the coefficients of disoharge and loss.
Thile the experiments were in progress, some information was
secured on the effect of depth of submergence and vortex motion of
the water in the tank. Incidentally, a summary of the results of
similrr experiments by earlier experimenters is given which it is
hoped may be found of value.
3* Aoknow 1 e dgmen
t
.— The experiments -.7ere performed in the
Hydraulic Laboratory of the University of Illinois . Much of the
investigation was carried on as thesis work under the irection of
Prof. A. IT. Talbot by the following students;
Washington P. Ireland. Entrance Head in Pipes and Conduits,
1903.
Carroll C. ".Tiley. Entrance Herd and Discharge Head in Pipes,
1904.
Jrrd B. "Robinson. Entrance Head ~nd Discharge Head in Pipes,
1906.
Guy D. Phillips. Discharge of iater thror h Submerged Orifices.
Hard B. Eobinson, C. E. An Investigation of the Flov; of Jater
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through Submerged Orifices and Pipes, 1909.
Charles William Br enmer . Hydraulics of Culverts, 1912.
The care exercised in all of these theses is very commendable,
pnd the patience and skill displayed in Mr. Bobinson's second thesis
Jtaa rjp.de the results at low heads of special value.
The data herein recorded represent the results of the above
mentioned theses together with the results of a great many experi-
ments carried out by the writer during 1914 and 1915 to determine
the causes of certain inconsistencies as well as to check and ex-
tend certain parts of the investigation.
II. Apparatus Used and Ilethod of Experimenting.
4. Orifices
,
Shor t Pipes
,
and Mouthpie oes .— A list of the orifi
ces , short pipes, and mouthpieces experimented upon is given in Table
1, while Fig. 1, 2, 5, 4, 5, 6, 7, ano 8 show the apparatus used somef-
wha t in detail
.
Or ifi oes .— The orifices usee were of three different shape
circular, 1 in. to 6 in. in diameter; square, l/2 in. to 5-1/2 in.
side; and rectangular, l/2 in. x 6 in. to 2 in. x 6 in. In every
case the orifice was formed in a cast iron plate, 10-1/2 in. diameter
and 1/2 in. thick, a sharp edge being formed by beveling at 45 de-
grees. The
-.'or krnanship was excellent, and except for a few small
nicks, the edges were sharp and the area true to shape. The dimen-
sions were carefully determined by an inside micrometer for dimen-
sions greater than 1 in. °nd b:; inside sciew calipers for dimensions
less than 1 in. The actual areas of the orifices rs calculated from
these dimensions is given in Table 2.
Short Pipes and Tubes.— Four short pipes were used with
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Table 1.
List of Orifices, ohort Pipes, and Mouthpieces Used.
Orifices :
-
Circular
:
1 in. diam.
2 in. diam.
4 in. diam.
6 in. diam.
Sauare
:
l/E in. side
1 in. side
2 in. side
4 in. side
5-1 1 2 in . si de
.
Rectangular
:
6 in. x 1/2 in.
6 in. x 1 in.
6 in. x 2 in.
Mouthpieces Used on 6-in. ohort Pipe.
AggXg Hatio of .area
5°
10°
15°
20°
30°
45°
60°
10°
15°
20 c
30°
45°
90°
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-5
1-3
1-3
1-3
1-3
1-5
20° (1-4)
both entrance r-nd discharge
It 11 11 II
II 11 tt If
II it It tt
It !l It 11
It It It It
IT It II 11
n It II It
it II IT 11
it II II It
Discharge end only.
"both entrance and discharge
tt it tt ti
Short Pipes: (cylindrical)
2 in. diam. x 5-1/2 in. long
3 in. diam. x 12 in. long
6 in. diam. x 22-1/2 in. long
12 in. diam. x 36 in. long
Combinations of
Short
Entrance End
Mouthpieces on 6—in.
Pipes
.
Discharge End.
15°
20°
30°
20°
20°
30°
30°
45°
60°
(1-2)
(1-2)
(1-2)
(1-2)
(1-3)
(1-2)
(1-2)
(1-2)
(1-2)
15°
5 C
5°
10°
15°
10°
30°
45°
60°
(1-2)
(1-2)
(1-2)
(1-2)
(1-3)
(1-2)
(1-2)
(1-2)
(1-2)
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Table 2.
^—----------
Areas of Orifices Used.
. _—
—
—.—
Kind of Ori- lominal Size Actual ilieor etical ..ate
fice. Area of Discharge
sq.ft. Q.'f^gii
cu. ft. per sec.
C ir cul ar 1—in. diameter lot meas-
-
ured.
it
—1-1/2 in. do
.
ii 2—in. n 0.0219 0.17 60 Yh
it 4—in. ii 0.0883 0.7075 fh
i: 6-in. I 0.1967 1.578 fh
oquar
e
1/2 in. x 1/2 in. 0.001735 0.0159 fh
ii 1 in. x 1 in. 0.00698 0.0558 fh
ii 2 in. x 2 in. 0.0279 0.224 fh
ii 4 in. x 4 in. 0.1109 0.890 fh
it 5-1/2 x 5-1/2 in. 0.2105 1.688 fh
Rectangular 1/2 in. x 6 in. 0.0206 0.1674 fh
II 1 in. x 6 in. 0.0418 0.336 fh
2 in. x 6 in. 0.0837 0.671 fh
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dimensions and conditions as follows: 2.085-in. diameter by 5—1/2
in. long with entrance flush; 3.107 in. diam. by 12 in. long with en-
trance inward projecting; 6 in. dian. by 22-1/2 in. long to which
various conical mouthpieces both entrance and discharge were attached
12 in. diameter by 56 in. long with vertical wing—wall entrance
mouthpieces or ~ .?oeohes.
All except the 6—in . tube were sections of wrought iron or steel
pipe, the 6—in. short pipe being cast iron bored carefully to a 6—in.
diam. and threaded at e.^ch end to receive the various mouthpieces,
Fig. 3^. It had a flange near the middle by which it was attached
to the rsnitition separating the two compartments, with the pipe pro-
jecting into each co..:par tment . The diameters of all the short pipes
except the largest one (12 in. diam.) were carefully measured along
the lengths of the tubes by means of inside micrometers, the average
value given above being used in the calculation.
Ilouthpie ces .— ^outhpiec~s were used both on the 6—in.
and 12—in. short pipes although trey were very different in construc-
tion for the two pipes, 'tfith the 6—in. pipe conical cart iron mouth-
pieces \;ere used, the dimensions of which are shown in Fig. 4 and 5.
They were threaded in order to r'crew them on either end of the pipe.
The smaller end of each mouthpiece was the same diameter as the pipe,
making a smooth tight joint against the end of the pipe.. The lengths
of the mouthpieces varied, (depending upon the ^ngle ) so that the
larger area of some was twice the area of the 6—in. pipe, denoted by
(1—2), while others had an outer area, of three times the area of the
pipe
;
denoted by (l-3). One mouthpiece (20 degrees) had an outer area
of four times the area of the pipe denoted by (1-4). The mouthpieces
or appx oachesfv e cl on the 12—in. diam. pipe CO; ° is ted of wooden verti-
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cal wing-walls built of dressed and matched flooding and so con-
structed that the rfings could "be swring on hinges to any desired an-
gle of approach with the axis of the pipe as shown in Fig. 8. For s
90° angle (flush entrance) a straight-wall was used instead of
wing—walls . This straight—wall was square of such a size that its
four edges were 2 diameters from the circumference of the pipe.
of-
5. Method of Sxpe r iment ing .— The tank used in all^the experi-
ments on the orifices, the 2—in. pipe and the 6—in. pipe with its
mouthpieces, as well as for -ome of the experiments on the 3—in.
pipe.is shown in Fig. 1 end 2. The tank is divided into two com-
partments, I and II, Fig. 1, which ere separated by u partition
containing an opening at C, into which may be fitted the orifice
'or tube to be used. The water coming from the standpipe is sup-
plied to the tank through a 6—in. supply pipe at A, and also througfli
a 2—in. pipe which made possible a finer adjustment in maintaining-
a constant head. The water, after passing through the baffle
boards at B and through the orifice or short pipe at C, finally
leaves compartment II through two long, narrow, vertical openings
.in the end of the tank, the flow through which is regulated by smrl||L
valves or stoppers. For small discharges , the water was either
weighed in a tank set on scales or measured in a pit 8 ft. in diam
and 6 ft. deep, the rise being determined by means of a hook gage.
The water was wasted into another pit thxoi gh e movable spout until
the surface in the measuring pit became still. After the run had
been merle, the water was again wasted and the rise could be de-
termined. For larger dischargesthe rise in the pit was determined
b,: means of a rod on the lower end of which was attached a rin.r; of
thin met^l, a small part of the circumference of the ring"; slight-

ly lower than the remaining portion, xhe instant the lower portion
touched the water surface the fact was at once noticeable, and the
reading was taken. For some of the later experiments, the rod was
replaced by one containing; a float on the lower end.
In a few cases the discharge through the 6-in. pipe was meas-
ured over a 3-ft. suppressed weir, the coefficient for which was
taken from Hamilton Smith's tables. The head on the weir was meas-
ured in a still basvin by means of a hook gage.
The 12-in. pipe was placed in a horizontal position in a large
weir channel with one end protruding through a hole in a water-tight
bulkhead built across the channel and the other end supporting one
of the above described wall entrances resting- on an A-frame or sup-
port as shown in Pig. 8. After discharging through the pipe, the
water was measured over a 3-ft. weir, the head on which was measured
in a s J.ill basin by means of a hook gage.
In order to obtain data which might help determine the effect
of form and size of the tank used, depth of submergence, etc., as
well as to obtain higher leads, the 3-in. pipe, after being- tested
in the tank described above, had its flange bolted to a thin steel
plate which was cut out in the middle to a 4-in. diameter allowing
the 3-in. pipe to project through. T is steel plate in turn was
placed between the flanges of two sections of 12-in. pipe holding th
3-in. pipe in the center of the 12-in. pipe, and allowing no water t<
pass except through the 3-in. tube (Fig. 6 and 7). The discharge
was weighed for snail quantities of flow and measured in a large
calibrated galvanized tank 6 ft. diam. and 12 ft. deep for large
discharges.
6
.
- [ethod s of 2ilea curing Head s .— The method employed for measur-
ing the very low heads was difterent from that used in determining
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the moderately low heads. Except in the case of the 5-in. pipe as
used inside of a 12-in. pipe, all heads were urder 2 ft. _nd
the greater portion were ur.der 0.5 ft., the minimum values being
0.002 to 0.004 ft. For values greater than 0.05 ft. the he;..d, which
is the difference of level of the water surface in the two compart-
ments of the tank, was determined fcy means of two l/2-in. glass
piezometer tubes, one attached to each compartment about three in-
ches from the bottom of the tank, a vertical scale reading to 0.01
ft. placed close to the glass tube enabled the observer to read to
0.001 ft. by estimating. In the latter experiment s, boxes were placed
around the opening at the entrance of the piezometer tube into the
tank to form a still basin. It was thought that at the higher heads
the currents of water might affect the head somewhat, due to the
shortness of the tank. The results, however, show no effect from
tube
this cause. The zero-reading of the piezometer A was determined by
filling the tank to a given level and allowing no water to flow in or
out. The readings oi the piezometer glasses could then be made, the
difference giving' the zero-reading. The tank was filled to ceveral
different levels in making the readings and an average value of the
zero-reading used in the calculations. Leakage from the tank, as
v/ell as from the measuring pit, was determined by filling to a given
level and observing the gages at intervals of time. The leakage
was negligible in all of the experiments.
i'or measuring very low heads two methods were used consisting
(1) of a differential gage employing a liquid heavier than water,
(2) hook gages.
(1) In the place of tie glass piezometer tubes described above,
a differential ^age was used. This was connected to the tank by

means of rubber tubing and was provided with a scale g3fp.dua.ted to
0.005 ft. A mixture of carbon tetrachloride and gasoline having
a specific gravity of 1.25 was used in the gage, thus multiplying
the actual head by four.
(2) At another opening in each compartment of the tank a verti-
cal 2-in. pipe was attached which served as a still basin icr a
was
hook gage as shown in Fig, 1 and 2. Each gage Aread directly to
0.001 ft. and to 0.0001 by estimating. The zero-reading was ob-
tained as in the case of the piezometer tubes, described above. In
the latter experiments another pipe and hook gage was attached to
the c; own stream compartment, using the same piezometer opening as
was used in the case of the glass tube.
This furnished two readings of the height of the water surface
in the down stream compartment in which the water becar.e rather
turbulent as the discharging head increased.
These different methods of determining: the head overlapped so
that certain heads v/ere determined by all three methods, and many
values were determined by at least two methods. This, it is thought
furnishes an excellent check or: t: ;e coefficients obtained.
In reading the hook gages at low heads, electric lights held
always in the same position made it possible to get accurate set-
tings of the hooks.
The stoppers in tie long Vertical opening's in the end of the
tank were controlled so as to give a uniform distribution of flow
vertically ard also to give about equal discharges through the two
openings. This, it was found, helped to produce more steady condi-
tions of flow.
The diameter of the measuring pit was taken as 7.995 ft., the
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mean of thirty readings. The largest variation from the mean was
0.003 ft.
A run or experiment consisted, first, in adjusting the inflow
through the 6-in. and 2-in. pipes to the outflow, when a few of the
stoppers were removed , until the difference in level of the water
in the two compartments became constant. The 2-in. pipe was used,
merely as a means of making the adjustment more quickly, and of
maintaining the water surface constant during the run, if for any
reason, they tended to rise or fall slightly. After obtaining a
constant head the spout of the waste pipe was quickly pulled from
beneath the end of the discharge pipe, allowing the water to dis-
charge in the measuring pit until the rise in the pit was sufficient
to read the pit gage without appreciable error, when the waste pipe
was again pushed quickly urder the discharge pipe.
The time of the run was determined by means of a stop watch.
After breaking one watch, another one was used before being cali-
brated, and alter ouite a number of experiments the calibration
showed the watch to be very erratic. Some of the erratic results
obtained, it is thought, ate due to this cause.
The experiments were run for the most part when the laboratory
of the
was used for no other purpose, Under someAextremely low heads at-
tempted, vibrations of t e buildings due to running machinery caused
difficulty in reading the hook gages. The pressure also v/as much
more constant when water was supplied for no other use.
7.1-otation.— Ffcr convenience of reierence, the following nota-
tion which will be used in the subsequent equations is given here,
h = head producing- flow, "flow head" in feet. Jor submerged
discharge this is the difference in level of the water on the

two sides of ihe partition. 20,
h 1 = head lost "by shock or impact due to contraction and ex-
pansion of the stream, feet,
a = area of orifice or short pipe, sc_. ft.
A = area of outer or larger end of mouthpiece, sc. ft.
g = acceleration due to gravity = 32. £ ft. per sec;
c[ = actual discharge, cu. ft. per sec.
Q theoretical discharge, cu. ft. per sec.
v = actual average velocity >A ft. per sec.
c = coefficient of discharge.
c
1
= coefficient of contraction.
cv
= coefficient of velocity.
Cp = value of c lor a short tube having no mouthpieces (inward
projecting )
.
c
r
= increase in Cp due to an entrance mouthpiece.
cn = increase in gv due to a discharge mouthpiece.
c = calculated value of c for a combination of an entrance
mouthpiece and a discharge mouthpiece on the 6-in. pipe.
c
c
= Cp + cr + cn .
m = coefficient of loss = (-i- - 1 1 or / 1 - 1 | if c„ = c.. — . ^_ - j —
c
v
^ / V c^ J
mp = value of m for a short pipe without mouthpieces (inward
projecting
)
mr = reduction of nip due to an entrance mouthpiece.
n = reduction of nip due to a discharge mouthpiece, sometimes
called coefficient of gain.
ro
c
= Qalculated Value of m for a combination of an entrance and
a discharge mouthpiece on the 6-in. pipe. =* hl - m - n.
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8. Theory and 5Luat ions .— Orifices . -- The head, h, causing
flow through an orifice is expended in two ways: (a) lost head, h 1
,
representing energy dissipated by impact arid friction of the water
particles due to the contraction at entrance and expansion after. the
water leaves uhe orifice, and ("b) head which produces the velocity
of the stream or the velocity head. Hence
2g
h = h* + if or h» = h -
2g 2g
hut, v = c v *y£gh or h = J
2
•
Substituting in the a rove equation gives an expression tor tne lost
head in terms of the velocity head,
h 1 =/-i-!T - 1) —Zfl , in v/hich /
—
^ - 1 |ia denoted "by m
(cy* ; £6 I c v" J
and called the coefficient of loss. The iirst equation, then, may
2g
For submerged discharge, the coefficient of velocity cannot be
determined as the contraction of the stream is unknown. i(,or purposes
of comparison the coefficient of discharge will be used in the ex-
pression for m.
Short Pipes . -- A short pipe or tube is defined as one whose
length is not more than three or four times its diameter or side,
but long enough to have the stream expand again after contraction
at entrance and flow full at the discharge end. The short pipes
used in these experiments varied in length from 2.75 to four times
the diameter, the 6-in. pipe on which the greatest number of experi-
ments were run having a ratio of length to diameter of 3.7b.
Since there is no contraction of the discharging stream, the
coefficient of velocity and the coef icient of discharge are the
same • .

The lost head due to the frictional resistance along the sides
1
d 2g
pi 2
of the tubes, usually expressed "by X-,is small and will be in-
cluded in the lost head.h 1
.
The equation therefore remains as in the case of an orifice
h = fm^ + ij XI y/here mp will include the effect of pipe
2g
friction.
If a converging entrar.ce mouthpiece is attached to the short |
pipe, the contraction of the stream at entrance will be gofiaewhat
suppressed, reducing the lost head and hence also the value of m,
This reduction in the coefficient of loss will be denoted by m-.
.
If a diverging mouthpiece is attached to the discharge end of
the short pipe, a part cf the velocity head may be regained. The
theoretical amount possible of recovery may be calculated if the
ratio of the area of the pipe to the area of the outer end of the
a
mouthpiece, jis known. The velocity at exit irom the mouthpiece
A a
would tl en be —— v, where v is the mean velocity throughout the
pipe to which the mouthpiece is attached. The reduction in the ve-
locity head is, therefore, 1 — /-JL^\ L In other words, ii the veloc-
L [A. ) J
ity could oe reauced without shoci: or eddying, a discharge mouth-
piece having the ratio of its area as one is to two,(l £ 2), would
regain 75.- of the velocity head coming from ti.e straight pipe while
a (1—3) discharge mouthpiece would regain 86'yo of the velocity head,
and a (1-4) divergent mouthpiece would regain 94% of the velocity
head
.
The amount of velocity head recovered, then, may be written
V2
~~^g ^ich -^a27 "e considered as a negative loss.
~he value of m
p
for the plain pipe inward projecting into each
compartment of the tank is determined by experiment. Aie value of
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m for a combination of any entrance mouthpiece with the short pipe
is also determined experimentally. The difference in these two value
gives the reduction, mr , in m^, caused by the mouthpiece. Likewise,
the value of m for any discharge mouthpiece combined with the short
pipe is determined by experiment, after which the value of n is found
from the equation n = m, - m. If both an entrance and a discharge
mouthpiece is attacned -co the trior t pipe, the value of m obtained
experimentally may be compared with the value of m as calculated
from the data obtained with the separate mouthpieces. Denoting the
calculated value by mc , its value will be mc = m^ - mr - n. This is
discussed later. The temperature of the water varied from 60 to
70 degrees Fahr. ITo account is taken, therefore, of the temperature
effects for so small a variation. From Unwin's experiments an in-
crease in temperature of 144° caused 1% decease in t lie discharge.
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III. Experimental Data and Discussion,
y . Tables and 2'igures . -- The data obtained by all the experiment-
ers are given in somewhat condensed form in Table 3 to 6 , inclus-
ive, i^ach set of values represents the averages oi two to ten ex-
periments or runs.
The data obtained by the writer in checking and extending' the
work of the other experimenters are given in Table 17 to 20, inclus-
the
ive. Table 14 to i& show the results of the experiments with 3-in.
x 12-in. short pipe placed inside a 12-in. pipe. _ ig$. )kto Zg
inclusive show the results of Tables 6 to 8
,
plotted to show the
relation between the head and the coefficient of discharge. The
final values for the coefficients of discharge with the' correspond-
ing values of the coefficients of loss were taken from these graphs.
Tables 9 to 15 with FigS. 9 to )A Show the final values of the
coefficients of discharge and loss,
10.Discussion of Results . — certain inconsistencies seemed to
exist in the results of the other experimenters which necessitated
further investigation. The coefficient of discharge, c, for the
6-in. pipe with flush entrance - (J0°(1 - 3) entrance mouthpiece —
was found by Robinson to be about 0.91 and for the 2-in. tube c was
found to be about 0.88, whereas the usual text book value is 0.82,
taken from experiments chiefly with discharge into air. It was
found, however, that en error in the diameter o± the 2-in. pipe re-
duced the value of c to about 0.91, while considerable additional
experimenting xixed the value for the 6-in. short pipe at slightly
greater than 0.800.
The value of c for entrance inward projecting varied with the
various experimenters from 0.78 to 0.800, whereas the commonly ac-
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cepted value, taken from meager tests in which the discharge was in
air, is c = 0.72. A 60° mouthpiece on the discharge end gave a
value lor the coeiiicient oi discharge of about 0.78. While it
would be expected that a 60° mouthpiece would regain very little
velocity head, there seemed little reason to expect a negative ef-
fect from it. iurther careful experiments fixed the value of c for
inward projecting entrance at c = 0.785, which indicates that a 60°
mouthpiece has little or no effect.
ihe values obtained at low heads using the diiferential gage
containing a mixture of tetrachloride and gasoline gave consistently
lower values for the coefficient of discharge than were obtained
when the hook gages were used.
ihe differential gage was connected to the down stream compart-
ment 15-in. nearer the partition separating the two compartments than
was the c-ln pipe which served as the still basin lor the hook gage.
In oroer to aetermine any effect which might result from this cause,
another nook gage was attached uo read t e water surface at the same
point of connection used with the differential gage. Ihg results
clearly indicate that the differential gage gave too small values
at low heads.
.ixS will be noted in -able 17 to 20 the difference between the
readings of the hook gages, (h^- - hg) and (h^ - h_ ), ^ig» 1 and 2,
in many cases show a c onsidereble variation. In some experiments
it was iounri very difficult co maintain the water surfaces constant.
Ihis changing oi the water surfaces while probably affecting the ac-
tual difference in the heights oi' the surface levels very little
made necessary the accurate setting of tliree hook gages as nearly
simultaneously as possible for each set of readings. The greatest
errors which were introduced into the exper imen ts, it is thought,were
1
from this cause. However, even when the water sunace remained
practically constant for the whole run, a slight difference in the
values of (h- - h,. ) and (h~ - n, ) was sometimes shown. It should
"be remembered, however, that the discharge varies as the square
root oi h, which considerably reduces the percentage error intro-
duced by the hook gage readings. The water surface levels, too,
fluctuated, as a rule, less v/ith the low heads, Hence, ior heads
with which errors would have a large effect, less difficulty was
experienced in obtaining simultaneous readings of the hook gages.
It is to be expected that the values of the coefficients of dis-
charge and loss will appear rather erratic at low lie ads. In some
cases, the value of the coefficient oi discharge increases as the
head decreases, in others it decreases, while in still others it
remains constant to heads as low as 0.004 ft. This strongly indi-
cates that for submerged discharge, the coefficient oi discharge
is constant for all heads below 0.8 ft. and. velocities below 6 ft.
per sec, no matter how small. fhere seems to be, however, a masked
tendency in some cases for the coefficient of discharge to increase
with the higher heads, -his is discussed in the next two article^.
11. Vortex ...otion .— During the experimenting;, it was noticed
that the higher heads fluctuated at times for apparently no good
cause. It was noticed, however, that vortex motion of the waxer
in the up—stream compartment was more active on Liiese occasions oi
unsteady conditions.
The vortex motion was always counter clockwise, due, no doubt,
to the fact that the 2—in. supply pipe discharge was ne-r one side
of the box.
'The vortex formed a tapering' hole about 1-1/2 in. diameter (max—
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imum) at the v/ater surface, extending to a point ten inches or a
foot below the surface. In no case did it appear to allow air to
enter the tube. On some runs, this condition formed and remained
rather constant for all or a considerable part of the run, while in
others it formed, disappeared, and formed again, successively.
In order to study the effect of the vortex motion, a float
of 2-in. planks was made which fit loosely in the upper compartment.
This floated in the water surface and suppressed the vortex.
The experimental results (see Table 7 ) clearly indicate that
the vortex motion may increase the discharge by at least Z%* In
some cases where the float aid not produce a difference in discharge
it did maintain less fluctuation and thereby reduce the error in
measuring the head. If the vortex had completely formed so that
air had entered the tube, without doubt, the discharge would have
been decreased. It would appear, however, that the swirling motion
oi the water allowed it to enter the tube or mouthpiece with less
contraction and, hence, produced a greater discharge.
This perhaps accounts for at least a part of the increase in
some of the coefficients of discharge at the higher heads.
'^•Depth of Submergence .— While no experiments were run which
would determine accurately the eixect ox depth of submergence upon
an orifice or short pipe, the conditions were such as to supply
considerable indirect evidence bearing on this point. The water
surface in the upper compartment was kept nearly constant for all
heads, the head being increased by lowering- the surface level in the
down stream compartment. This caused a maxi urn change in the depth
of submergence about equal to the maximum head. This, in the case
of the smaller orifices, amounted to 1.5 ft., and in the case of
the 6-in. short pipe frequently reached 0.75 ft. ihe greatest depth
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of submergence possible with the tank: used was about 1-1/2 it. The
coefficient of discharge shows a tendency to increase as the head
increases, that is, as the submergence decreases. It seems, however,
that the shortness of the tank with the higher velocities, and the
attendant turbulence would be as an important factor as the submerg-
enc e
.
Furthermore, in the case of the 5-in. tube placed inside the
12-in. long pipe, the discharge end of the tube was under a wide
range of pressures which corresponds to the depths of submerge! ce
in the tank, and under different pressures also for the same head,
i.o change in the coefficients could be detected, however, aue to
this cause. In fact, the coefficient of discharge lor the 4-in.
short pipe showed a greater increase with an increase in head when
tested in the tank than when tested in the long pipe. It would seem,
therefore, that depth of submergence had little influence in these
experiments, or at least, the form and size of the tank, together
with vortex motion had more influence than depth of submergence.
15. Coefficients of Liscliarge and Los s for Submerged Orifices .
—
xhe coefficients ox discharge and loss vary considerably for the sub-
merged orifices. This is to toe expected, however, as already dis-
cussed. There is no evidence, though, of a decrease or increase in
c or m as the head becomes ve..y small. The experimental data in
fable 3 seems to Justiiy ti e statement that the coefficients of dis-
charge and loss are constant for all heads from 0,005 to 1.00 ft.
corresponding to velocities of about 0,40 to 5.00 ft. per sec.
Table 9 and i'ig. 9 and 10 show that the coefficients of dis-
charge for circular and square orifices are practically the same
for areas greater than ten square inches, but that as the area
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decreases "below ten
, the value of c increases faster for circular
than for square orixices. it is clear also that rectangular
..
ori-
fices give higher coefficients of discharge than do the circular
or square ones. The sizes of rectangular orifices used showed no in
crease in c for the smaller areas. It is possible that the diverg-
ing sides of "Che orifices had some eiiect in increasing the dis-
charge v/ith the smaller sizes and that this influence was active in
all of the rectangular orifices due to their long narrow shape.
There seems to he little evidence in these experiments to point to
a difference in free and submerged discharge for sharp-edged ori-
fices, allowing complete contraction.
In this connection, it is of interest to consider the conclus-
ions reached "by H. J. I. Bilton from his experiments on orifices
discharging in air:-
1. The assumption that a coefiicient of discharge com:.on
to all orifices from l/2 in. to 12 in. diameter is reached at
a head of 100 ft. is erroneous.
'(L, That in order to obtain complete and perfect contrac-
tion a certain minimum diameter and head are required. These
appear to he approximately 2-1/2 in. and I? in. respectively.
o. -hat orifices of 2-1/2 in. diameter and over under heads
of 17 in. and over have a common coefiicient of discharge ly-
ing between 0.59 and 0.60, but which is probably about 0.598
(subject to head boing not less than 2 or 3 diameters)
4. That in the case of orifices smaller than 2-1/2 in.
diameter contraction is never perfect and complete under any
head, but is suppressed more and more as the diameter increases
each size of orifice having its own critical or 'normal ' coefli
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cient of discharge and its own critical head.
5. i'hat a.s the diameter decreases, the normal coefficient
increases, as also the critical head.
6. That in an infinitely small orifice contraction is
entirely suppressed and unity becomes the coefficient of dis-
charge for all heads (subject to the effects of capillarity,
cohesion, viscosity, temperature, etc.)
7. That the discharge of a circular orifice under any giveji
head is the same, whether the jet "be horizontal, vertical or at
any intermediate angle.
14. uoefiiciencs of Bis charge and uoss xor ^hor t fipes with Inward
Pro jccting Entrance .— She values of c = 0,71 or 0.72 for the co-
efficient of discharge for a short pipe inward projecting in the
up stream reservoir with the corresponding v^lue of m= 0.98 to 0.93
for the coefficient of loss
;
which are so commonly staled, seem to
have "been "based on rather meager data as shown under "Results of
Earlier Experimenters".
The values obtained "by Lilton with free discharge seem to hear
out some of the conclusions given "by him in connection with ori-
fices as stated above.
The values for c and m obtained from the present experiments
with the 6-in. submerged short pipe are c = 0.785 and m= 6.610
for heads under 0.3 ft. una velocities under 6 ft. per sec. Fur-
thermox-e, the experiments on the 55-in. short pipe placed inside the
12-in. long pipe show no change in c as the head increases up to a
maximum of about 12 ft. It would be expected that .his method of
testing would give somewhat different valuer for c from those ob-
tained with the tube placed in the open tank, but the variation with
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the head should no: be greatly different.
It is possible that the head as measured "by the hook gages at
the side of the tank does not represent the head on the discharge
end oi the tube; xh^z if the pressure could be obtained nearer to
the end of the short pipe, the results would show a l&rger flow head
and, hence, a smaller coefficient of discharge. Th&s is suggested
by the results of the experiments with the o-in. tube placed insiae
the 12-in, pipe. Considering the flow head as the difference in
heads on the two sides of the flange (gage Ko. 2, Tables 14, 15,
and 16) the coefficient of discharge is closely the same as obtained
for the same tube when discharging- into air^with the discharge end
flowing full, but somewhat smaller than for submerged discharge
as determined in the open tank.
Considering the flow head, as gage reading No. 1, that is, af-
ter some of the velocity hetd is regained, c is larger than that ob-
tained with the open tank. It is of interest to note that the aver-
age of c as determined from these two different heads, corres-
ponds very closely with the value of c obtained for submerged dis-
charge in the open tank.
The low values of the coefficient of discharge for the 12-in.
and 3-in. short pipes under low heads for discharge into air, indi-
cates that quite different conditions exist in the tube for a low
value of the ratio of head to diameter ^h/d, than exist for high
values of this ratio. In the case of the 12-in. tube the ratio of h
to d was unity. Taking into consideration the variation in head ovei
the entrance area will decrease the theoretical discharge about 1$>,
that is, increase the coefficient of discharge by about lj-o. The
greatest difference in the conditions of flow under high and low
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heads, however, is not in the variation of head on the entrance area
but in the contraction and subseruert expansion within the short
pipe. It is not sufficient to state that the discharge end must
flow full in order to insure standard conditions of flow. The 3-in.
short pipe under a head of 0.76 ft. flowed full, hut gave c = 0.720
as compared with c = 0.775 for a head of nearly 2 ft. Under the
head of 0.76 ft. the variation of velocity across the discharge area
was very great, "being almost zero at the top while under the 2-ft.
head, the water seemed to issue in nearly parallel stream lines of
equal velocity. It is clear that the contraction and expansion must
"be very different in the two cases. Even for a submerged discharge,
gtewart found with a 4-ft. square tube, that the discharge end did
not flow full with the lower heads, there being a current up stream
in the upper part of the discharge area.
The condition of flow within the tube for low heads even though
the discharge end flows full, may be judged from the conditions which
exist when he discharge end is not flowing full. The profile of the
water surface in an open culvert 6-in. wide by 3 ft. deep is shown
in Pig. 15. Experiments on the 12-in. tube showed similar action.
It is clear that ohe weight of the water plays an important part in
the contraction and expansion. Under low heads, excessive energy is
lost both by dissipation and by failure of recovery from the velocity
head by proper expansion.
15* Coefficient
s
of Discharge an| Los s for. Short Pipes with ..'lus h
Entrance . Earlier experiments on short pipes with flush entrance
are^ more abundant than in the case of inward projecting- entrance,
ihe conditions under which some of the experiments were lun, however,
are somev/lat indefinite. The value for c for flush entrance is
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usually given as 0.815 or 0.820. The value of m corresponding to
c = 0.820 is 0.49, commonly taken as 0.50. The values of c and m
for the submerged 6-in. short pipe in these experiments is c = 0.8 00
and m = 0.56. For further discussion, see "Results of Earlier Ex-
perimenters" .
16.Effects of Entrance and Discharge Mouthpieces . — The values
of the coefficients of discharge and loss for the various mouthpieces
are given in Tables 6 to 11 and Fig. 11 to 14. while there is a
•light tendency for the coefficient of discharge to increase for the
higher heads in the case of some of the mouthpieces, when considered
in connection with vortex motion, form, and size of tank, etc., as
already discussed, together with the results from the experiments as
a whole, it seems there is little doubt t at the coefficient of dis-
charge is constant for all heads below 0.8 ft. and velocities below
6 ft. per sec.
The discharge is cue partly to the negative pressure in the tube
which increases as the velocity (and head) increases. The fact that
c is constant would indicate that i.he negative pressure increases at
the same rate as the head. These results make plain several rather
definite conclusions. An entrance mouthpiece with ratios of areas
of one to two, one to three, and one to four, give practically the
same discharge, that is, the angle of approach has greater influence
that the length of the mouthpiece, although within the range of 10°
to 45° (20° to 90° apex angle) the coefficients of discharge are not
greatly different. It is probable that if the mouthpieces had flush
entrances, the discharge would be increased slightly. It is possible
that in the case of the 5°(1 - 2) entrance mouthpiece, velocity of
approach was not negligible due to the nearness of the outer end of
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the mou.hpiece to the "baffle hoards.
Discharge mouthpieces of the same angle of divergence, hut of
differert lengths.within the limits of a (1 - 2) to (1 - 4) area
ratio, give practically the same discharge. In other words, the angle
of divergence of the mouthpiece has very much more influence in re-
of ngaining velocity head, than does the length for angleS/vIO or greater.
The SEiallest angle used, b°(l - 2)
;
gave much the largest coefficient
of discharge, A smaller single would, no doubt, give a larger dis-
charge, as indicated "by other experimenters. Possible values of the
coefficients ate indicated in Fig. 11 x,o 14 by dotted lines. :-or
further discussion see "Resultsof Earlier Experimenters",
Pig. 11 to 14 show that as the angle of divergence increases
the amount of velocity head regained decreases very rapidly ending
in a sudden decrease to nearly zero at about 30°.
It will be noted from Table 12 that the value of the coefficient
of discharge obtained by experiment with a combination of an entrance
and a discharge mouthpiece is larger than that found by calculation
using the results obtained from the same mouthpieces when tested sep-
arately, except in those cases where the discharge mouthpiece hr>s
such a large angle of divergence t at little or no velocity head is
regained.
It seems evident that the reason for this is the suppression of
the contraction at the entrance of the pipe due to the entrance
mouthpiece thus allowing the water to approach the discharge mouth-
piece in a less troubled condition, that is, with more nearly paral-
lel stream lines. #] Ls allows the discharge mouthpiece to reduce the
velocity with greater eiai ciency. This advantage given to the dis-
charge mouthpiece by the entrance mouthpiece is entirely lost if the
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discharge mouthpiece has such an angle as to cause a turbulent
action of the water uridei most favorable conditions.
This increase seems to be as high as 15%* This suggests .anew,
the importance of lost head due to eddying;, impact, etc., and the
need lor producing smooth flow (ordered motion) at critical sections
of flow in order to avoid the destructive influence of the subse-
quent eddying.
17.Effects of V/ing-wall .antranee I.Iouthpieces on the 12-in. Short
Pipe .-- 'lable IS gives the values oi the coefficients of discharge
and loss for a 12-in. diameter short pipe with free discharge. It
was not to be expected that a wing-wall mouthpiece of any angle
would give a much larger coefficient of discharge t an was obtained
with the straight-wall or flush entrance since the greater portion
of the entrance, with wing-walls oi all angles is a flush entrance.
There seems to be no good reason, hov/ever, _or t e reduction in
c as the angle of the wing-wall increases. Since only one run was
made with each mouthpiece when the discharge end of tne pipe was
flowing full, it is very probable that a greater number of experi-
ments would show c to be the same for all mouthpieces and about
equal in value to c = 0.78 as compared with c = 0.80, as found for th
submerged 6-in. pipe.
The efiect oi low heads on the contraction and expansion of the
stream within tne tube ,as already d iscussed, applies for wing-wall
approaches. This accounts, it is thou hit, for the low values as
compared with those obtained with the 6-in. submerged short pipe.
18. Comparison wi t h r.e suits oi earlier experimenters . — Orifices . --
For circular and square siapp-edged orifices with diameters or sides
4 in. or more, all experiments are in close agreement. ..he coeffi-
cient, of discharge may then be taker as 0.6C0 at least for sizes up
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to 4 ft. diameter or side, and heads up to 18.5 ft.
Balch found c to increase slightly with the head for a 1-ft.
diameter, circular, ana a 1-ft. side, square vertical orifice. ^1-
lis found c to be practically consort for horizontal oriiices oi
the same dimensions. The present experiments sLow no teiiS/stcrrt varia-
tion with the i-iead, the range in head, however, is small.
£'or sharp edged submerged oriiices of sizes less than 4 in.
diameter or side the results of the various experiments are not quite
so consistent. Omitting he experiments of Francis which seem in
error due to the weir calculations, the only experiments are those
of E. Smith, Jr. These experiments Five results ,in genera^ somewhat
smaller t^an those found in the present investigation, The differ-
ence, however, rarely exceeds i/o for similar heads. For higher heads
Smith's values increase somewhat although the variation is not great.
10
.
Short Pines and I.iouthpiecec-. . -- Tor short pipes with entrance
Hush, the value of c = 9.800 as found in the present experiments
is in rather close agreement with that found by Stewart with a 4-ft.
square tube, by Balch for a 4-in. diameter tube, both beinp wi th
submerged discharge, also by : ossut with a vertical tube about 1 in.
dia.-.eter with free discharge. Eearly all the other experiments,
most of which used tubes under z in. diameter, show c to be about
0.82, which is the commonly accepted value. It would seem, therefore
that the coefficient or discharge for a sr.ort pipe with flush entranc
s ould be taken as 0.800, at east for tubes of 4 in. diameter or mor
with submerged discharge and wi th beads up to, at least 4 ft.
.or short pipes with inward projecting entrance, the earlier
experiments, all oi v.hich were with iree discharge, are very discord-
ant. The present experiments £cive c close to 0.78 ror hot a free and
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submerged discharge, it is evident that the commonly accepted value
c = 0.72 needs revision.
In the case of convergent or entrance mouthpieces, all experi-
ments show that the angle of approach is the most important factor
although the angle for maxi mum discharge or minimum loss ox head
varies with entrance and discharge conditions, castel found c = 0.95
to 0,96 for maximum discharge with an angle of mouthpiece of about
7° (14°, total angle), while in the present experiments, the maxi-
mum value was c = 0,925 for a 15° mouthpiece (30° total angle) at-
tached to the 6-in. short pipe.
ihis difference was t o be expected, however, Slith the mouth-
piece used "by Castel, considerable contraction would take place at
t e discharge into air with the larger angles, whereas, in the pre-
sent experiments the 6-in. pi e suppressed "cms contraction. The
flush entrance uo the mouthpieces used by Castel . ould give a larger
discharge than for mouthpieces merely projecting into the water as
used in experiments herein recorded. Ellis, Francis, Iiownlee, and
Stewart
f
with submerged di scharge , ouppressed the contraction at exit
by forming curved approaches and obtained about Me same value of c
for much larger angles oi approach.
liiehelotti and Eytelwein for eyeloidal entrance mouthpieces and
free discharge, together with Freeman for nozzles, seem to
give about 0,98 for the coefficient oi discharge. The velocity of
approach in the nozzle experiments gives quite a different entrance
condition from that found with most of the experiments. -he details
of t e apparatus used b; Michelotti and Bytelwein are lacking and the
high value obtained for c seei'.s somewhat inconsistent v/ith other data
The experiments most nearly like xne one- herein recorded are
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those of Stewart, Balch, and --avis and Balch. With a 45° (l — 1.9)
conical entrance mouthpiece on a 4—in. diam. tube, Balch found c =
0.922 as compared with 0.900 for a 45°(1—2) mouthpiece used in the
present experiments. Stewart with a (1-4) elliptical entrance mouth-
piece (corresponding to about 33°j on a 4 ft. square tube found c equal
to about 0.89, although it varied somewhat with the head. Davds and
Balch, with a vertical square tube about 1—1/2 ft. on a side having
a curved (circular) entrance corresponding to 45° (1—3), found c to
increase rather rapidly with the head varying from 0.829 tc 0.955
as the head increased from 0.114 to 0.748 ft. lor h = 0.511 ft.,
c was 0.894. This variation with head seems inconsistent with the
other e xp e rimen t s
.
For divergent mouthpieces alone, there is very little experi-
mental data. »7ith a 2° - 27* (1-1.5) mouthpiece (4° - 5§' total
angle) attached to a tank with sharp edged entrance, Weisbach found
c = 0.946. As already discussed, the condition of the water, as the
mouthpiece receives it
;
greatly affects the efficiency of the mouth-
piece. If this mouthpiece were attached to the discharge end oi a
pipe, c would probably be somewhat greater than unity. In the pre-
sent experiments a o°(l— 2) divergent or discharge mouthpiece at-
tached to the 6-in. short pipe gave c = 1.025.
20 . Combinations o f Entrance and Bis charge Liouth pieces .— iable
43 gives in condensed lorm the results oi the most reliable experi-
ments on compound tubes. ,,'hile the values of c vary considerably
with the head in some of the experiments , the values selected are
for approximately the same heads, and for purposes of comparison,
t;.is is sufiiciently accurate.
a study oi the table indicates that in the present experiments
a considerably larger value of c would huve been obtained for a dis-
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charge mouthpiece of s smallei angle than 5° (10° total angle), prob-
ably as high as 1.50 for an angle of E-l/E° . Also that a 5° (1-3)
would show an increase over 5° (1—2). Ihat is, for the small angles
the length is important, as would he expected, hut for angles 10° or
greater, the length of mouthpiece seems to he of little importance,
at least within the range of area ratios of (1-2) to (1—4).
21. Summary .— The following summary is given.
Submerged Orifices with Sharp Edges.
1. The coefficient of discharge for submerged sharp—edged
orifices is the same for very low heads as for heads of several
feet
.
2. For circular and square orifices of 10 sq. in. or more,
the coefficient of discharge is constant and equal to 0.600.
For Orifices f smaller areas, the coefficient increases.
3. Rectangular orifices with the long side from 3 to 12
times the short side, give about 5/1? larger values for the coeffi
cient of is charge than circular or square orifices of the same
area, except for the smaller areas.
4. The difference bet /e en the coefficients of discharge
for submerged and free discharge is very little, if any, at
least for low heads
.
Submerged Short Pipes and Mouthpieces.
1. The coefficients of <3 is charge for a 3—in. and a 6—in.
pipe with inward projecting entrance was found to be 0.78 for
both submerged and free discharge* This corresponds to about
0.61 for the coefficient of loss. For flush entrance the cor-
responding values are 0.800 and 0.56.
2. The coefficients of discharge and loss for conical

41.
mouthpieces, whether entrance or discharge, attached to a short
pipe are the same for extremely low heads as lor heads 01 nearly
a foot and probably several feet.
3. If conical entrance or convergent mouthpieces are at-
tached to a pipe the increase in discharge is affected very
little by the length of mouthpiece, at least, within the range
of area radios from (1-2) to (1-4). The increase in the dis-
charge is influenced only slightly by angles from 10° to 30°
(£0° and 60° total angle), the values of the coefficients; of dis-
charge and loss being about 0.92 ard 0.18 respectively, which
are only slightly different iro a still wider range of angles.
4. The coefficients of discharge ano loss for divergent or
discharge moutr:pieces when attached to a short pipe are practic-
ally independent oi the length of the mouthpiece for angles of
10° (200 total angle) or greater, at least within the range of
area ratios from (1-2) to (1-4). Previous experiments, nowever,
indicate that the length has a great influence for angles less
than about 5°.
The angle of divergence for any given length lias a very
great effect upon the discharge. In these experiments the maxi-
mum value for the coefficient oi discharge was obtained with the
smallest angle, 5°(10° total angle), the effect decreasing rapid-
ly to practically zero for a 30° (60° total angle) mouthpiece.
5. The coefficient of discharge ior a combination of an en-
trance and a discharge mouthpiece on a short pipe is greater
than would be indicated from the effects of the mouthpieces takei
separately, providing the discharge mouthpiece has a small e-
nou; h angle to regain a considerable velocity head .
!

Table 3 42
Coefficients of Discharge and Loss for Submerged Cir-
cular, Square, and Rectangular Orifices with
Sharp Edges - as Found by Different
Experimenters .
1 2 3 .4 5 6 7
Ref
.
Head Average Coeffi- Coeffi- No. of
No
.
ft. Actual cient cient Experi-
Velocity of Dis- of Loss ments Experimenter
ft. per charge
sec •
h V c m
1—in. Diameter
.
1 0.004 0.11 0.222 2.20 2
2 0.007 0.40 0.595 1.78 2
3 0.014 0.59 0.615 1.G2 2
4 0.024 0.81 0.648 1.35 2
5 0.040 1.06 0.660 1.30 2
6 0.051 1.12 0.616 1.62 2 Robinson- 1 09
7 0.070 1.36 0.635 1.40 2
8 0.079 1.43 0.634 1.46 2
9 0.155 1.96 0.631 1.52 2
10 0.25^ 2.46 0.633 1.50 2
11 0.345 2.98 0.632 1.50 3
1-1/
2
— in. Diem.eter
.
IS 0.001 0.12 0.-: 84 3.39 2
13 0.003 0.24 0.544 2.33 7
14 0.004 0.34 0.648 1.51 2
15 0.005 0.37 0.657 1.56 3
16 0.007 0.46 0.695 1.14 2 Robinson— '09
17 0.014 0.62 0.663 1.34 4
18 0.021 . 74 0.635 1.52 4
19 0.034 0.97 .658 1.5 2 3
20 0.044 1.12 0.661 1.28 2
21 0.063 1.29 0.653 1.50 4
2-in. Diameter •
22 0.008 0.514 0.678 1.11 2
23 0.013 0.6 08 0.661 1.27 2
24 0.019 0.711 0.645 1.41 1
25 0.043 1.04 0.62tft 1.59 2 Robinson-' 09.
26 0.092 1.49 0.615 . 1.64 2
27 0.161 1.99 0.616 1.63 2
28 0.213 2.27 0.613| 1.67 3
29 0.125 1.74 0.614 1.65 4 Phillips - '0'
30 0.181 2.08 0.616 1.63 4

labia (Continued)
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1 2 3 4 5 6 7
2—in. Diameter (Continued)
31 0..532 2.89
32 0.586 3.79
33 0.734 4.20
34 1.074 5.11
35 1.435 5.89
0.612
0.615
56
37
38
39
40
41
42
43
0.611
0.613
0.612
1.66
1.64
1.67
1.66
1.6 6
4-in. Diameter.
0.006
0.007
0.008
0.009
0.010
0.011
0.012
0.017
0.372
0.405
0.418
0.445
0.445
0.541
0.547
0.656
0.582
0.598
0.575
0.584
0.562
0.637
0.617
0.617
1.95
l.SO
o ng
l!95
2.15
1*46
1.62
1.62
4
4
4
5
4
2
1
4
1
2
1
2
3
Phillips-' 07
Robinson—* 09
44 0.026 0.78 0.598 1.80 3 Seely - '15
45 0.0 62 1.20 0.602 1.75 A
46 0.065 1.267 0.616 1.63 2 Bob ins on— 1 09
47 0.072 1.314 0.606 1.72 2
48 0.144 1.86 0.604 1.74 10
49 0.238 2.36 0.600 1.7 7 12
50 0.582 5.02 0.602 1.75 4 Phillips-' 07
51 0.509 3.83 0.604 1.74 9
52 0.700 4.06 0.600 1.77 4
53 1.134 5.29 0.611 1.68 13.
6—in. Diameter
.
54 0.005 0.577 0.666 1.27 2
55 0.006 0.588 0.627 1.56 2
56 0.009 0.464 0.616> 1.66 2 Bo "bins on- '09
57 0.014 0.562 0.594! 1.83 4
58 0.022 0.715 0.600 1.78 2
59 0.134 1.73 0.600 1.7 7 7
60 0.271 2.49 0.600 1.77 4 Phillips-'07
61 0.442 3.17 0.598 1.80 4
62 0.712 4.02 0.598 1.80 3
l/2-in. Bqxtaie.
63 0.040 1.098 0.672 1.17 2
64 0.199 1.732 0.625 1.56 2 Robinson-' 09
65 0.17 8 2.025 0.594 1.80 2

Tab le 3 ( Conti nue d
)
1/2—in • S
o
y.r t@ ( C ontinue d )
.
66 0.230 2.42 0.611? 1.68 2 Seely - '14
67 1.042 5.15 0.625] 1.55 2 Glass 2ube
Gages . Dis-
charge by V7t.
1—in. Sauare.
68 0.027 0.790 0.596" 1.79 1
69 0.030 0.864 0.619 1.59 2
70 0.056 1.15 0.615 1.64 5
71 0.130 1.75 0.600 1.81 2
72 0.265 2 .59 0.621 1.55 3
2-in • Squat e •
73 0.006 6-r420 ~-ev673 1.21 2
74 0.030 0.885 . 631, 1.51 2
75 0.0 62 1.24 0.624' 1.58 2
76 0.077 1.39 0.621 1.59 2
77 0.325 2.83 0.618 1.60 3
Robinson-' 09
Robins on- 1 09
78 0.115 1.63 0.611 1.68 5
79 0.164 ' 1.98 0.607 } 1.71 A
80 0.335 2.82 0.610 1.68 4
81 0.509 3.49 0.608 ! 1.70 4
82 0.689 4.26 - 0.608 \ 1.70 7
83 1.012 4.92 0.610
j
1.68 4
84 1.672 6.51 0.610/ 1.68 4
Phillips-'07
4—in. Squaie
85 0.002 0.277 0.774 0.68 1
86 0.003 0.282 0.642 1.43 1
87 0.012 0.515 0.6051 1.80 2 Robinson- 1 09
88 0.021 0.6 89 0.604 1.73 5
89 0.054 0.912 0.621 1.56 2
90 0.036 0.905 0.597 \ 1.79 3 Seely - '14
91 0.Q59 0.964 0.615 1.68 2 Robinson-' 09
92
92 0.056 1.15 0.604 1.73 4 Seely - '14
<95 0.086 $.261 0.604 1.75 4
94 0.160 1.95 0.60 2
\
1.76 11
95 0.216 3.24 0.602 1.76 A Phillips-' 07
96 0.535 2 .78 0.601 1.77 6
97 0.610 5.75 0.600 1.77 7
98 1.083 5.03 0.602 1.76 3

Table 3 (Continued) 45
1 2 3 4 r-D 6 7
5-1/2 — in. Sana*
e
.
99 0.002 -0,1&6 0.522- 2.70 2
100 0.006 0.388 0.612^
1
1 .70 2
101 0.010 0.469 0.587 1.93' 2 Edb inson— 1 09
102 0.012 0.517 0.591 l 1.8 9 2
103 0.020 0.673 0.603 1.77 2
104 0.038 0.935 0.596 1.81 4
105 0.048 1.06 0.6 05 1.73 2 See ly - '14
106 0.108 1.60 0.609/ 1.70 5
6-
-in. x l/2—in. Bectangulai'
.
107 0.OO30—0.286 0.509 2
108 0.0060 0.404 .651) 1.38 2
109 U .UUoU •441 •6171 1.65 1
110 0.0278 0.870 0.653/ 1.35 o Bobinson— 1 09
111 0.0495 1.161 0.652 1.55 2
IIS 0.0554 1.165 .617' 1.64 9
113 0.1968 2.25 0.635/ 1.50 2
114 0.314 2.87 0.635! 1.47 2 Seely - T 14
115 C\ CO/U .o24 0.632 1.50 O Kead Lleasuied
116 0.992 5.09 0.634' 1.49 2 by Glass Tube
Gages
.
b-in. x 1-in. Hectangulaz
.
117 0.006 0.497 0.800 0.57 1
118 .007 0-^94 / 0.V40 0.85 1 Bob ins on— ' 09
119 0.017 £.704 0.675 1.21 2
120 0.024 0.785 0.656 1.47 2 Seely - '14
121 0*033 0.956 0.656 1.32 1 Pobins on— 1 09
122 0.086 1.510 0.642 1 .44 2
123 0.122 1.75 0.G52 1.50 4 Seely - '14
124 0.132 1.84 0.629 1.53 1
125 0.137 1.88 0.654 1.50 2 Hobins on- 1 09
126 0.193 2.19 0.650 1.52 5 Seely - '14
127 0.250 2.55 0.657 1.48 2 Fob inson—' 09
128 0.265 2.61 0.635 1.51 1
129 0.356 2.90 0.628 1.55 5 Seely - '14
(Glass Tube
Gage ) .

Table 3 (Continued)
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1 2 3 4 5 6 7
6—in. x 1—in. Kectangul (Continued)
130 0.109 1.6 6 0.626 ) 1.55 ?131 0.154 1.98 0.628/4 1.53 Phillips
13 2 .2t>4 2. DO 0.621 1 CD1 •Of
6—in. x 2—in. Boctangnl as
.
r\ r\r\o aU »CUE4 U • 2o 1
ri r.nocU tl'UoO —— n o<So U .4-0 1
u»odo UiD? ( j 2
136 0.0240 0.815 0.6571 1.34 2 Robinson— 1 09
137 0.040 1.016 0.634 \ 1.51 2
138 0.063 1.27 0.654 \ 1.51 2
139 0.120 1.76 0.634 1.51 2
4
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Table 4.
Coefficients of Discharge and loss for Submerged
6—in. and 2—in. Cylindrical Short Pipe
Entrance Flush. As Pound "by Different
Experimenters
.
1 2 5 4 Li 6 7
Bef
.
Eead Actual Coeffi- Coeffi- Ho . of
Ho
.
ft. Av.Ve- cient cient Experi-
locity of Dis- of Loss ments Experimenter
ft .per charge Aver- and. Bemarks
sec
.
aged .
h V c m
6—in. x 22—1/2—in. Short Pipe
1 0.0065 0.542 0.840 0.42 2
2 0.010 0.738 0.915 0.19 2
5 0.172 0.960 0.912 0.20 2
4 0.0150 0.780 0.804 0.54 4
5 0.0510 1.140 0.807 0.53 4
6 0.0555 1.480 0.798 0.57 4
7 0.1727 2.65 0.798 0.57 2
8 0.175 0.815 0.51 5
9 0.248 0.825 0.47 6
Robinson— '09
90° (1-5) Entr-
anco Mouth—
piece
.
Seely _ T 15
90° (1-3) Entr
ance Mouth-
piece
.
Seely - T 14
Eead Measured
by Grlass Tube
Gages showed
considerable
variation.
3—in. x 5-l/S-in. Short Pipe.
10 0.0097 0.599 0.75 7 0.74 2
11 0.0150 0.760 0.775 0.66 2
12 0.018 0.871 0.808 0.55 2
13 0.052 1.49 0.815 0.50 2
14 0.122 2.26 0.808 0.55 2
15 0.328 3.58 0.785 0.62 2
16 0.252 3.29 0.815 0.49 5
17 0.450 4.42 0.819 0.48 2
18 0.635 5.50 0.829 0.45 5
19 0.805 6.07 0.826 0.46 5
Robins on-' 09
After correct-
ing for error
in diameter .
Correct diam-
eter = 2.085
in.
Seely - '14
Measured by
Glass Tube
gages, consid-
erable varia-
tion.

Table 5. 48
Coefficients f\*P Tit O/^Viov P'^U JL U JLo UXXoJE ij, c GuLLU. HUoo for ? Submerged
6-in. and «J—XXI. uiiUI U rijv (j , j x uii Entrance In-
waid Projecting — by Differ-
ent Expe r imen te r s .
1 2 3 O 6 7
Head Actual Coeffi- Coeffi- ITo. of
L U • ft. Av.Ve- ci ent cient Experi-
locity of Dis- of Loss ments Experimenter
ft .per char ge Aver-
sec
.
aged.
n V c m
X 0.003 0.326 0.742 0.83 2
p 0.0049 - -0.405 0.723 0.92 2
rz 0.0069 .498 0.748 .79 2 Bobinson— '09
.008 0.5 77 0.804 0.55 2
0.012 0.701 0.800 0.57 1
6 0.0139 0.757 0.801 C.57 2
7 0.004 .405 0.802 0.57 2 Bob ins on— '09
ft
.003 0.572 0.789 0.58 2 90° (1-3) Flange
Q 0.0196 0.894 0.798 0.58 2 Discharge End.
10 0.0224 0.972 0.610 0.53 2
XX 0.019 0.81 0.725 0.85 2
l P 0.034 1.15 0.78 0.65 3
X«J 0.165 2.54 0.785 0.62 2 Bobinson— 1 06
.296 3.41 0.78 0.65 5
15 0.437 4.20 0.79 0.60 4
ID .009 0.54 0.735 0.85 2
1 7 0.022 0.95 0.800 0.57 1 Bob ins on— 1 06
1 ftxo .05 6 1.49 0.788 0.61 M 90° (1-3) Flpnge
X J •137 2.40 0.810 0.52 1 on Discharge
0.210 2 .94 0.800 0.57 2 End.
PIcx 0.220 3,01 0.800 0.57 1
pp 0.296 3 .47 0.795 0.59 2
.o57 3.83 0.802 .56 2
£4 .476 4.45 0.802 0.56 2
OR
.015 .6 7 0.678 1.18 2
Pfi 0*020 .84 0.722 0.92 2
97
.033 1.47 0.76 0.75 3
.061 1.57 0.77 0.69 3
90 0.088 1.85 0.78 0.65. 2 Wiley-' 04
0.125 p p p 0.78 0.65 2
«J X 0.226 9 7 78 0.65 2
3.88 0.788 0.61 p
33 0.746 4.65 0.78 0.65 2

Table 5 (Continued
)
1 2 3 4 5 6 7
1 PAi. iOD n r/au • / *± 0.82 2
—
TvolonrlJ.X e_L&ii(i— uo
35 0,33 3.43 0,75 0.80 2 Discharge meas-
36 1.00 6.34 0.795 0.58 2 ured over 3—ft.
weir •
"217O 1 a a t k oU .0152 . 780 0.64 5
38 .0190 .765 0.62 4
39 0.0327 0.784 0.62 5 Seely-'IS
40 0.0745 0.783 0.63
41 r\ a a on a 17 0*7• /8«5 0.63 3
42 .040 0.804 0.54 4 Seely— '14 Lead
/i ^ A "COU •009 A 17 O O0.798 0.57 2 measured by
a nco A OAT 0.55 5 G-lass 'ojuoe
40 a nou «±±y A riQ Au • /y4 0.58 5 gages
.
46 0.117 0.793 0.59 3 --- - x v 90° 11-3) Flange
'"-'ion Discharge
LEnd.
3—in. x 12—in. Shot t Pipe •
47 0.1962 0.785 0.62 2 Seely - '15
48 0.5030 0.788 0.61 3

Table 6. 50
Coefficients of Discharge and Loss I or a Submerged
6-in. Short Pipe having (1—2) Mouthpieces
of Various Degrees as Pound by Differ-
ent Experimenters .
1 2 5 4 5 6 7
1 m
Eel • Head Actual Coeffi- Coeffi- Io."« of
I o •
P4- Av.Ve- cient cient Experi-
locity of Dis- of loss ments ;Experimenter
ft .TfiPTJ- \J • i~ \w/ J. charge Aver-
ft ft AO V O • aged.
h V c m
5° (1-2) Entrs.nee Mouthpieces •
1 0.002 0.295 0.855 0.48 2
2 0.004 0.501 0.991 0.02 2 "Robinson—.'09
0.005 0.555 0.946 0.13 4
4 0.010 0.750 0.947 0.10 2
cr 0.053 1.27 0.873 0.31 4 h.g.
6 0.056 1.56 0.900 0.23 4 g#g«
1 0.075 2.20 0.908 0.21 2 g-g-
8 0.088 2 .16 0.904 0.22 4 g*g- Seely - 1 14
0.170 2.94 0.887 0.27 5 h.g.&f
.
10 0.198 5.15 0.876 0.30 5 h.g.
11 0.552 4.27 0.899 0.24 o h.g.&f
5° ( 1-2 ) Dis char ge Mouthpie c es
.
IE 0.003 0.460 1.048 -0.085 2
Id 0.0044 0.563 1.065 -0.113 2
14 0.0065 0.683 1.078 -0.122 2 Rob inson— '09
lo 0.008 0.759 1.059 -0.106 1
16 0.009 .757 0.990 +0.020 5
1 7 0.012 0.845 0.955 +0.10 2 Robins on- '06
18 0.031 1.42 1.010 -0.02 2
19 0.0595 1 .98 1.015 -0.03 4 Seely _ 1 14
dO 0.092 2.47 1.02 -0.04 2 Robinson- '06
21 0.117 2.84 1.04 -0.08 2
22 0.140 3.03 1.01 -0.02 5 Seely _ * 14
0.148 3.26 1.06 -0.105 2
0.250 4.20 1.05 -0.09 2 Robins on- '09
CD 0.315 4.65 1 . 03 -0.06 1
26 0.542 4.75 1.03 -0.06 3
= hook gage; g. g. = glass tube gage; f = float in pit
•

1 2 3 4 5 6 7
10° (1—2) Entrance Mouthpieoe
•
27 a r\r\A,004 A A Tin0.4/7 «y4S .130
o o
.0003 .050 »9o2 A T OA.120 2
29 .008o 0.673 A QOOU .928 A 1 OAU .1 (U Oj B0 Dinson— 09
<za00 a at a.010 A ti r> d0.779 A Q >7TU .9 / 1 A AC A O
31 0.011 0.745 A DOC.ocO a con.280 2
32 .0095 0.O/5 0.740 0.833 2
33 .015 .845 A OTA.860 a r? C A.360 2
34 a A/* a.060 1 • / 7 A Q AAu .y uu A O/iU . <54 Cj
£0 .21 / /.42 0.913 0.202 2 .Yi ley — 04
'Z cOb A OF./.204 3 . 72 0.920 0.185 2
37 a c aa.o00 5 .25 0.925 0.17C 2
58 0.570 5.58 0.925 0.170 2
09 1 .120 Y1 TiA7.70 0.910 0.210 2 lielpna —'03
yi a4U t on a1 .810 9 .88 0.915 0.195 2 Discharge in
Air
.
10° (1-2) Discharge Mouthpiece
•
41 U •U02D .300 u • CsU 0.27 2
A O42 .004 .468 0.18 2
4t5 .0002 r r, f\0.082 1.014 -0.025 2 HODinson— 1 09
44 /*\ aa /*• o.0068 A c a A.654 0.999 0.00 2
40 /O AAA.008 a net f• 7o0 1.05 -0.06 2
46 0.009 0.738 0.07 1
47 .0085 .54 0.732 0.87 2
48 0.038 1.39 0.890 0.26 1 iriley - '04
49 0.038 1.47 0.950 0.11 3 Seely - -14
na00 .136 rr /-v/-\3 .00 0,945 0.12 2
01 .006 4 .o4 0.948 0.11 2 \7iley - '04
02 r\ /To.412 / OA4.89 0.943 0.12 2
53 0.632 0.614 0.962 0.08 2
15° (1-2) J*! sc liarge liio itthp ie c §
.
04 #0030 A A AT.401 0.908 0.21 4
J" K00 .0039 A A TI A.4 /0 0.946 0.11 4
06 .0047 .528 0.950 0.11 6 Ho bins on— 09
07 .0062 .u62 0.895 0.24 4
58 0.0142 0.860 0.899 0.24 5
k o09 .011 .600 0.790 0.60 2
/* a60 .088 2 .lo 0.887 0.28 2
61 .254 3 .71 0.915 0.20 2 .«i±cy — U4
62 A /on.423 A QC4 .80 0.925 0.17 2
63 0.765 6.40 0.915 0.20 2

52
1 2 3 4 5 6 7
15° ( 1—2 ) Eiit ranc e Honthpiece.
64 an aAC r7.0033 .426 0.927 0.17 2
65 a\ an a\ a.006 an B r/ an0.578 -9?7 0.17v • J. 1 p T"N _ *!_ • _ _ T A\ ANEo Dins on— 09
a a66 AN AN an a^.008 AN A Al A>.682 0.952 0.11 2
67 0.0094 0.730 0.938 0.15 2
68 AN a\"i an0.010 AN a r~ c.655 0.802 0.56 2 Wiley - '04
69 0.059 1.73 0.890 0.25 3
70 0.060 1.84 0.925 0.17 4 Seely - '14
71 0.282 n oa3 .80 0.893 0.25 3 Wiley - f 04
72 0.753 6.50 0.930 0.16 2
I O AN *i /-\.10 1 a n1.97 0.775 0.66 2 -r — n 3 ¥ ana*Ireland — T 03
rf A74 .25 3 .46 0.875 0.305 2 Discharge r.ier.s—
11 CYO 1 .02 7 .55 0.935 0.14 2 ur e d o ver 3—it •
weir
76 an a\an a\.080 6 .63 0.930 0.16 2 •A _ "1 ^ 3 V AN A*Ireland — T 0^
77 T *1 A1.14 a* an rr7 .95 0.935 0.14 2 Discharge in Ai
78 1.77 AN Al A9 .86 0.924 0.17 3 measured
in pit
•
20° (1—2) Entlance I [outhpiece •
79 0.004 AN A A AN.440 0.870 0.33 3
80 AN A ACT A.0059 AN '" A t~~.o65 0.919 0.18 3 Robins on— 1 09
81 A\ AA /* O.0068 AN A AN O.608 0.924 0.17 5
82 0.0179 0.994 0.927 0.17
83 AN A\ A\ A>0.008 AN A AN AN0.600 0.838 0.43 2
84 .020 —i an r*1 .0o 0.920 0.18 1
85 an A r A.060 t r/ Ai1 .79 0.915 0.19 1 •XT* T — f AN A;7iley — '04
O A86 .138 ai a* r*2.75 0.920 0.18 1
87 A\ nr n.2^2 A» A AN3 .60 0.927 0.16 2
88 .427 4,91 0.927 0.16
89 AN n A ET.785 A LI rs6.52 0.920 0.18 2 Ireland — 03
90 1 .110 A/ A A*7.67 0.910 0.21 2 . Dis eng. in Air
.
91 T A) rZ AN1 .830 A\ A) A*9.85 0.910 0.21 2 n Measured
in pit.
20° (1-2) Dis charge L'outhpiece
.
92 AN AN AN yt A».0042 AN A tT\ A.424 0.816 0.50 2
Ai93 .007 0.570 0.847 0.40 3
Av >»94 AN AN AN At A*0.0087 0.670 0.900 0.24 3 Rooinson—'09
95 AN AN "1 A* "l«01ol AN A A/*.806 0.880 0.30 2
96 0.0152 0.859 0.870 0.32 2
97 AN Ann.011 AN VI AS0.72 0.855 0.37 2
98 an a n A.029 T A\ AN1 .20 0.880 0.30 2 wiley — '04
99 0.060 1.78 0.910 0.21 2

1 2 3 4 5 6 7
20° ( 1-2
)
Discharge1 Mouthpiece (Continued)
t aa1UU a no O / T A OAAu .yuu 0.24 2
i at1U1 a t qpU •loo 't; a>7O . U / A P QAu • oyu 0.27 2 ./11ey — LKi-
102 0.500 5.18 0.910 0.21 2
30° (1—2) Entrance Mouthpiece.
i a<z1UO r\ aa^o A //IP 0.997 0.065 4
t a/ a aa*7a A CA OU .OU& n pqqu . oy y n op;
t aklUO a a ap*>? A C7K u . y chz n t 7U • 1 / Hobinson— 1 09
t nc a at aa A T> >7TU • f < 1 0.964 0.08 2
107 0.0142 0.875 0.917 0.19 2
t no a at / A 7 Qu • r y 0.838 0.43 2 Wiley - '04
109 0.041 1.45 0.900 0.25 Cj
110 0.0818 2.11 0.919 0.18 O Seely - T 14
111 A ADO O A»7 0.880 0.29 .Tiley - '04
118 0.390 4.61 0.923 0.18 3
11<2 T TO1 «ic >7 P£ 0.925 0.17 c TvaTnvirl I AC?iieip.nci — uo
T T /114t 1 • / Hz y . id 0.920 0.18 1 jJiSClialge lmjo
115 1.81 9.77 0.910 0.21 1 /-i Z •
30° (1-2) Discharge Mouthpiece
•
A AA/1 C A / P C 0.891 0.26 O
I T >7II / A AA R Qu .uuuy A / TX. o 0.714 0.98 OCJ
T T Pllo n aaap A O 0.821 0.49 O Robinson— f 09
iiy A AAQP A £ OA 0.846 0.40 2
T 9H1£U A AT 17U • ui.e r V • i OD 0.815 0.50 2
121 0.0167 0.838 0.804 0.55 2
loo n Aft OA T P rA1 • OO 0.792 0.59 O cceiy — xhz
123 0.2715 3.35 0.802 0.55 AHz
45° (1-2) Entrance L.iOi'-unpiece
.
TO/ a nncoU tUUoc a p>a n 0.865 0.35 2
T ORloD A AAG P A CO A 0.829 0.46 ?
T OC A AT T K A 17^ 17U . (O 1 0.858 0.38 3 rcooinson— uy
i or; A AT A A a d/i a 0.897 0.25 2
128 0.0153 0.868 0.873 0.32 2
129 0.0462 1.55 0.902 0.23 2 Seely - M4
"1 ^a A AA Ou .uuy A KCC 0.750 0.78 2
T *XTlol A An A T / O1 .4ty 0.840 0.42 1
1 "*0io& A T A/ O OPO .CO 0.880 0.29 2
LOO /I AQ•1 . uy 0.890 0.28 2 Wiley - '04
191 /li2*t A sen f; ko 0.915 0.20 2
135 0.850 6.77 0.920 0.18 2

54.
1
rr
o
A4 rro 6 7
45° (1-2
)
Entrance Mouthpie ce . ( Continned
)
156 1.10 7 .61 0.905 0.22 2 Iielmd - '03
157 1.14 7.51 0.875 0.50 2 Discharge in
158 1.76 9.45 0.893 0.25 3 Ail .
45° (1-2) Discharge vouthpiece
•
159 0.0073 0.560 0.815 0.51 2
140 0.0144 0.755 0.800 0.58 3
141 0.0160 0.829 0.818 0.50 2 Robinson— 1 09
142 0.0180 0.885 0.795 0.58 2
145 0.0521 1.44 0.790 0.60 4 Seely - '14
144 0.010 0.58 0.708 1.00 2
145 0.058 1.49 0.775 0.67 1
146 .115 2.13 0.780 0.64 2 Wiley - '04
147 0.52f 4.62 0.800 0.57 2
148 0.905 6.10 0.800 0.57 2
60° (1-2) Entr price Mouthpi ece
.
149 0.0047 0.500 0.911 0.21 3
150 0.0096 0.697 0.882 0.29 3 Bob inson- 1 09
151 0.0132 0.822 0.891 0.26 2
152 0.0798 2.01 0.889 0.26 2 Seely - , 14
155 1.14 7.51 0.885 0.28 2 Ireland - '05
154 1.85 9.58 0.880 0.29 2 Discharge in
Ail •
60° ( 1-2 ) Dis cha.r ge Llcmthpie ce .
155 0.0086 0.567 0.766 0.71 3
156 0.017 0.794 0.761 0.73 2 Eobinson- , 09
157 0.018 0.837 0.774 0.65 2
158 0.010 0.56 0.678 1.21 2
159 0.05 6 1.59 0.755 0.85 2
160 0.146 2 .58 0.778 0.66 2 Wiley - f 04
161 0.500 4.46 0.778 0.66 2
162 0.875 5 .98 0.805 0.55 2
165 0*0600 1«55 0.786 0.62 2
164 .1035 2.03 0.787 0.61 2 Seely - '14
165 0.1940 2.79 0.792 0.59 2
166 0.2605 3.27 0.796 0.58 2

Table 7.
55 .
Coefficients of Discharge and Loss fox a Submerged
fi in. f?h r> r"h Pn tip Vic v? no- M 3 ) «n ri f 1 _A )
Mouthpieces of Various Degrees as
Found by Different Experi-
menters .
1 2 3 4 5 6 7
Ref
.
ITo .
Head
ft.
n
Actual
Av.Ve-
locity
ft .per
sec
.
V
Coeffi-
cient
of Dis-
charge
c
Coeffi-
cient
of Loss
m
Ho . of
Expel i—
merits
Aver-
aged .
Experimenter
•
10° (1—3) Sntrrnce Mouthpiece.
1
2
3
A4
0.003
0.0094
0.014
0.358
0.682
O 7AH
0.871
0.817
0.880
0.888
0.916
0.50
0.30
0.255
0.195
2
g
2
2
Bobinson-- T 09
5
6 0.096
_L . u (
2.30
0.922
0.928
0.173
0.160
5
3
Seely - 1 14
10° (1—3) Discharge Mouthpiece.
7
8
9
10
0.004
0.0117
0.491
O 7H7
0.792
u . ooj.
0.975
0.910
0.915
0.893
0.06
0.21
0.19
0.26
2
2
3
2
Robins on-.'09
11
12
U • U JL£
0.025
U . D O
1.17
0.780
0.920
0.64
0.19
1
2
Robinson-• 06
lO 0.037 1.48 0.956 0.09 3 v.s . Seely _ 1 14
14 U . UOO 1 >7 /IJL . i *t 0.940 0.12 1 Robinson-.'06
w . \joo T 7 Ai*YD 0.956 0.09 3 Seely - \ 14
1G
1
1 f
0.093 2.51 1.03 -0.06 3 Robins on-.'06
0.100 2.39 0.951 CIO 2 v.s . Seely - 1 14
lo 0.192 3.55 1.01 -0.02 2 Robinson
19
20
0.192
0.188
3.50
3.37
0.997
0.967
0.004
0.06
3
2
v.f.
v.s •
Seely _ 1 14
0.333 4.70 1.02 -0.04 3 Robinson
V 4 •<
.
= vortex suppf'eseed. v.f. = vortex formed •

Do •
1 2 3 4 5 6 7
15° (1—3) Entrance Mouthpiece.
22 0.0094 0.748 0.960 0.08
23 0.0110 0.783 -93A 0-15
9A- n oi 4.5 QO A 0.940 0.14
25 0.0165 0.970 0.941 0.14
26 0.0497 1.65 0.921 0.18 3 v.n.
P7 1 QPO ^ PR 0.924 0.17 4 v.n. cipplv '14..
28 0.1921 3.16 0.904 0.22 2 v.s •
15° (1-3) Discharge Mouthpiece
.
29 0.0023 0.316 0.824 0.48 p
30 0.0114 0.795 O QPft 17 2 Robinson- 1 09
^1 o m ^ft O ft A4. 0.916 0.20 pn
52 0.0172 0.948 0.901 0.23 4
Ha
\j . yj jl \j ftO 0.82 0.49 1 RnVn 7i<? nn 'OAnuux j-lo uii— v u
34 0.056 1.80 0.950 0.10 2
35 0.0589 1.76 0.901 0.23 2 Seely - '14
36 0.114 2.55 0.945 0.11 2
^7 "3 P4. 0.914 0.20 oetJjLy — x'i
38 0.1885 3.20 0.920 0.18 1
39 0.224 3.54 0.935 0.14 2
40 0.263 3.82 0.930 0.16 2 Hob ins on— '06
4-1 POP £ 0*3 0.948 0.11 3
42 0.334 4.40 0.950 0.11 5
20° (1-3) Discharge TTnn "f*Vi tit p^p .
43 0.006 0.570 0.918 0.19 2
44 0.0078 0.648 0.911 0.20 2
45 0.0097 0.698 0.886 0.28 Bobins on-' 09
46 -01 50 -ftftP 0.885 0.30 2
47 0.0177 0.950 0.891 0.26 o
48 0.008 0.51 0.71 0.98 2
49 -01 0-71 0.87 0.32 2 PnVn'ncjnTi 'OA
50 0.028 1.17 0.870 0.32 p
51 0.044 1.45 0.872 0.31 2 Seely _ '3.4
52 0.048 1.44 0.875 0.30 2
53 -1 40 ? -60 0.870 0.32 2 T? /-\"h incsnn 'OA
54 0.196 3.16 0.890 0.26 2
55 0.2195 3.25 0.892 0.25 2 Seely - '15.
v • n . = vo r t ex not i cod.

1 2 3 5 6 7 57.
20° (1-3) Discharge Mouthpiece
•
(Continued
)
Do n ceou »fioy • / 0.895 0.26 nODinson— uo
57 0.342 4.32 0.925 0.17 2
20° ( 1—4 ) Dis char ge Kouthpieee
Oo u • UU / A. U • & / 0.950 0.16 2
CO U.U1UD n col 0.842 0.41 2
oU n m 't. *xU • Ulo«-> U »o±4 0.880 0.29 2 rsODinson— uy
Dl U .UJ.4o U .o (V 0.889 0.27 2
62 0.0181 0.966 0.900 0.25 2
U .U<dD 1 .±o 0.908 0.21 2
04 U .Uo O I .oo 0.899 0.24 2
p;DO U .±U± O O• <s 0.912 0.20 2
ob A 1 'a OU . ±C C O C7C .O / 0.918 0.18 2 riODinson— uo
C 17 r\ op; dU • ^Oo 0.935 0.14 2
DO n etc/ 4 #40 0.955 0.14 1
69 0.465 5,13 0.957 0.15 2
20° ( 1—5 ) Ent r anc e Mouthpie ce
•
>7 A
f u U .UUo r\ p;o>7U .0<J / 0.930 0.16 2
/
1
r\ 170CUi / oo 0.921 0.19 5 Robinson— uy
no
/ £ r\ r\~\ a oU .U±4<s U . obU 0.900 0.24 2
73 0.0170 0.958 0.916 0.20 5
/4 U a U±0 U . Jo 0.905 0.23 1
r> PI
/ U • U44 t p; 0.915 0.20 2 ^ODinson— uo
nc
f D r\ nanU .UoU r\od .uy 0.920 0.18 1
77 0.098 2.34 0.930 0.16 2
78 0.1012 2.36 0.924 0.17 4 Seely _ '15
»7 QIV U • ±0 ( >7 p; 0.930 0.16 2
onoU r\ ~\ 17 oU •! (o O .±7 0.940 0.12 2
fino± O o ooU • (tea .oy 0.940 0.12 2 xiODinson— uo
oo u • <soy • l(J 0.915 0.20 1
83 0.358 4.48 0.935 0.14 2
20° (1-4) Entrance I louthpie 03
.
U .UU /
o
r\ r\ p;d 0.853 0.58
d p; U .U±U r A 1700U • r <so 0.880 0.50 KODinson— uy
OO U #0140 u .oyo 0.926 0.17
87 0.0160 0.942 0.929 0.16
oo U .lo ( U 'x 00 0.930 0.15 2 Seely -'15
89 0.1906 3.25 0.927 0.16
30° (1-5) Discharge I.Iouthpiece.
90 0.013 0.67 0.750 0.89 1 Bo bins on— T 06

1 2 3 A 5 6 7 58
30° (1—3) Discharge Mouthpiece* (Continued
)
ux n opa 1 DA o.eoo 0.58 2
D OA7 1 AftX . DO 0.820 0.50 2
art. n i a^ P Aft
<S • 'iO 0.820 0.48 2
QA n i ap\J • X DO P A^ 0.805 0.54 2 "P A"h*i no av» T DA
Q A PAP 3 pn 0.810 0.52 2
QA A OA 0.825 0.47 1
97 0.520 4.72 . 815 0.51 2
45° (1—3) Entrance Mouthpiece.
Qft n on ap n apo 1.012 -0.026 2
O ODAft n aqh 0.898 0.25 2 75 A "1V? TTC3 a VI
n mi ftu • uxxo f) 77*3 0.890 0.27 2
101 0.0180 0.968 0.900 0.24 2
1 OP "11 AA P ~Af) 0.912 0.20 7 Seely - ' "I AX«J
103 0.3223 4.14 0.906 0.22 3
45° (1-3) Discharge Mouthpiece.
1 OA 0071 O AAP 0.802 0.56 2
1 ORXvv«J DflQP n Apn 0.806 0.54 2
1 DAXUO D DIPA n 7i ^U.i X^c o.eoo 0.56 2 A "Kn "in c? aXtU UjLlioUli— \JV
n m a p n ftOAU . OUD 0.812 0.52 3
108 0.0233 0.986 0.806 0.54 2
XU i> n m i n a r n 0.720 0.93 1
TinXXU X . xo 0.810 oCJ
Til D 07A 1 77X • r / 0.815 0.51 2
tip W . xcu P ^A 0.805 0.55 2
netX xo n 1 7 A ° AQ 0.800 0.57 2 1 DAUD
X x*± n P fiK P QP 0.805 0.55 2
n a: n pftp «j • <-> ;? 0.800 0.57 2
1 1 AXXD ^ 7 A 0.795 0.59 2
117XX 1 AAP A ^P A 0.792 0.60 2
118 0.507 4.67 0.796 0.58 2
90° (1-3) Entrance Ilouthpiece, see Table 4.
90° (1—3) Dis change Lion th pie ce
,
see lahle 5.

59
??ble 8.
Coefficients of Discharge and Loss for a Submexged
6—in. Short Pipe with Various Combinations
of Mouthpieces — as Found by Differ-
ent Experimenters.
1 2 £> 4 5 6 7 8 9
Bef. Mouthpie ces Head Average Coeffi- Coeffi- ITo.
CD
ft. Actual ci en t cient of
ITo . CD Velocity of Dis- of Loss Exp. Experiment
O
•
ri id
H
-p pq
g
.
H
o |
cc pq
•H
p h
ft. per
sec
.
V
ehal ge
c
Av.
m
er .
15° 15° 0.011 0.76 0.905 0.22 2
2 (1—2) (1-2) 0.054 1.48 1.002 0.00 2
3 0.045 1.75 1.05 -0.09 1 ".7iley- T 04
4 0.069 2.30 1.085 -0.15 2
5 0.318 4.97 1.094 -0.16 4
6 0.550 5.93 1.157 -0.22 2
7 20° 5° 0.0028 0.427 1.01 -0.01 *i
8 (1-2) (1-2) 0.0036 0.559 1.1° -0.30 2
9 0.0042 0.659 1.27 -0.47 1 Bobinson-'
10 0.0055 . 0.812 1.56 -0.45 2
11 0.0080 0.918 1.54 -0.44 2
12 0.1548 4.26 1.55 -0.45 5 Seely-'15
15 20 c 5° 0.012 1.104 1 .27 -0 .328 2
14 (1-5) (1-2) 0.027 1.65 1.25 -0 .36 2
15 0.041 2.18 1.545 -0.44 2
16 0.060 2.64 1.55 -0 .45 2 Bobinson— 1
17 0.092 5.28 1.555 -0.46 2
18 0.152 5.98 1.365 -0.47 2
19 0.162 4.45 1.575 -0.48 2
20 0.187 4.88 1.405 -0.49 2
21 20° 10° O.OOG 0.68 0.955 +0.10 2
22 (1-2) (1-2) 0.022 1.22 1.02 -0.04 2
23 0.050 1.56 1.12 -0.20 1
24 0.071 2.46 1.15:, -0.25 2 *7iley-'04
25 0.178 5.90 1.15 -0.24 2
26 0.322 5.16 1.15 -0.24 1
27 0.496 6.80 1.18 -0.28 1
28 50° 10° 0.011 0.926 1.10 -0.172 2 V.riley- , 04
29 (1-2) ( 1-2
)
29 0.0229 1.50 1.25 -0;36 2 Seely-'15
30 0.034 1.70 1.13 —0.25 5 '7iley-'04
31 0.065 2.36 1.16 -0.25 2

60
Tab le 8 . ( c ont i nue d )
.
11 o(J O D ( po o
l7An
o(J lu° r\ -\ c CU .lOO 4 .16 1. 21 A ^ T—U mO± 2
do ( 1—2 ) \ 1—2 j D .30 1 .20 A *XA—U •OU o ./l±6y— U4
rz ao4 Cont • Oont • U .0 OU 6 • yo 1.23 A c: /—0 • «0<L- 2
55 20° 15° 0,004 0.568 1.13 -0.21 2
56 (1-3) (1-3) 0.008 0.798 1.11 -0.19 2
57 0.0096 0.866 1.10 -0.18 2 Ho"binson— 1 09
58 0.0114 0.995 1.15 -0.26 1
09 .012 2 ~\ aai1 .001 ±•13 A Ol—0 .21 1
/i a A on o o 1.1 04 A Oh O K>e exy— io
41 50° 50 c 0.056 1.38 0.900 0.24 2 .;iley-'04
A O42 ( 1—2 J 1 1-2; .U /l
r
2 .02 0.940 A "ITtlO 2 beely— lo
4o /-\ Annu .uy / 2 . 2o> A O A Ao .oyo 0i26 2 Wiley-* 04
44 0.156 2.98 0.944 0.12 2 Seely-*15
U .o f O / C A4 .6 A Q O A IKU .±o Oc
46 0.465 5.49 0.935 0.15 2 7iley- , 04
47 0.742 6.48 0.955 0.15 2
48 45° 45° 0*011 . 64 0.7 7 0.69 2 Wiley- 1 04
4y ( 1—2 ) ( 1—2 j .044 T At1 .41 A BQ A / K.4o 1
kaDO r\ AK O KU • UO CD 1 »oo A Din A OA.20 o
51 0.108 2.30 0.865 0.34 2
52 0.357 4.18 0.892 0.26 2 Wiley-' 04
53 0.466 5.12 0.912 0.21 2
54 0.828 6.71 0.915 0.20 2
55 60° 60° 0.011 0.59 0.708 1.00 2
56 (1-2) (1-2) 0.017 0.77 0.740 0.82 1
57 0.111 2.50 0.867 0.54 5
58 0.452 4.67 0.888 0.27 2
59 0.864 6.67 0.895 0.25 2
Wiley-* 04

Table 9.
Coefficients of Discharge and Loss for Circular, Square
and Bectangular Submerged Oiifices with Sharp
Edges. Velocities under 6 ft. per sec.
Shape Oiifice Size Coefficient Coefficient
in. of Discharge of Loss
c ra
1 diareter 0.652 1.50
1-1/2 ,r - —
Circular . 2 " 0.615 1.64
4 " 0.603 1.74
6 "• 0.600 1.78
1/2 x 1/2 0.615 1.641x1 0.612 1.67
Souaie 2x2 0.610 1.684x4 0.602 1.75
5-1/2 x 5-1/2 0.600 1.78
Eectangulpr
1/2 x 61x6
2x6
0.634
0.634
0.654
1.49
1.49
1.49

oEh
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CO
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Table 12. 64
Coefficients of Discharge and Loss for a 6—in. x
22-1/2 - in. Short Pipe with Various Com-
binations of Mouthpieces for Heads
below 0.80 ft. and Velocities
below 7 ft. per sec.
Eef. Mouthpieces
Entrance Discharge
Bo.
Coeffi-
cient
of Dis-
charge
from
Experi-
ment
c
Coeffi-
cient
of Loss
from
experi-
ment
m
Coeffi-
cient
of Dis-
charge
(Calcu-
lated )
.
c
c=Cp+c 1'+cn
Coeffi-
cient
of Loss
(Calcu-
lated ) .
m
c=m-p—mv-n
.
1 15° (1-2) 15° (1-2) 1.09 I,f0 -0.260 1.045 -0.258
2 20° (1-2) 5° (1-2) 1.55 S -0.455
f, i
1.160 -0.581
id
(1-2)3 (1-5) 5° 1.56 -0.460 1.165 -0.595
4 20° (1-2) 10° (1-2) 1.15 A/f -0.245 1.085 -0.327
5 20° (1—3
)
15° (1-5) 1.14 -0.254 1.055 -0.508
6 30° (1-2) 10° (1-2) 1.20 -0.506 1.075 -0.293
7 30° (1-2) 50° (1-2) 0.955 +0.142 0.925 +0.150
8 45° (1-2) 45° (1-2) 0.910 ffof +0.200 0.910 +0.182
9 60° (1-2 ) 60° (1-2) 0.890 +0.258 0.890 +0.258
fife

65.
Table 13
Coefficients of Discharge and Loss for a 12—in. diam-
eter Short Pipe with Tfiiig—Wall Entrance Mouth—
pieces. Discharge in Air — MeasuP ed
over 5-ft. leir. Discharge End
Flowing Full.
,7ing—Ws 11 Head
Mouthpiece ft.
Actual
Av Ve-
locity
ft .pe I
sec
.
v
Coeffi-
c ie nt
of Dis-
charge
Coeffi-
cient
of Loss
m
iTo . of Expe r i—
ments Averaged
Hone Inv/atd
Projecting
0.96 5.40
0° 1.23 6.94
15° 1.25 6.92
30° 1.21 6.61
45° 1.11 6.20
90°
Straight
-
all Flush
1.00
1.31
5.60
7.29
0.69 1.10 1
0.79 0.60 1
0.78 0.60 1
0.76 0.73 1
0.74 0.83 1
0,71 0.98 2
0.80 0.56 1
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22 . Re suit e of Sallied Experimenters on-Sxlfic-es -.— lable 22
gives the lesults of experiments by Hamilton Smith, Jr. with verti-
cal submerged orifices allowing complete contraction. The quantity
of flow was measured volumetrieally. The value of the coefficient
of discharge, c, for each case is the mean from several experiments
with nearly identical heads.
Hook gages were used to determine the level of the water sur-
face in each tank. The depth of submergence varied from 0.5V ft.
to 0.73 ft.
The author states that for the 0.05-ft. round and the 0.05-ft.
by 0.05-ft. square, but particularly for the 0.05-ft. by 0.3-ft.
rectangular orifice, the comparatively long diverging sides (0.021
ft. being the full thickness of the plate) appreciably increased
the discharge for a head of two feet or more. In the experiments
herein recorded the effect of mouthpieces seems as marked at low
heads as at medium heads. The values from the curve given by Smith
showing high values of c for the lower heads are inconsistent also
with the results obtained in the present experiments.
Table
Francis - Coefficientfuof Discharge for a Circular
VeTr-tie^aL SubmergeoTbriTice with Full Oon-
txaoti-ea
.
Diameter - 0.1016 feet.
W 2-"L »
h - ft. c
0.092 0.564
0.435 0.565
0,484 0.580
£.776 0.587
1.024 0.592
1.324 0.592
1.490 0.592
1.499 0.593
1.514 0.591
Table Zl gives values for the experiments by Francis.
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Taking the mean of the coefficients ,for heads gleate* than
1 foot
/
gives c = 0.592.
The quantity discharged was measured over a weir, the heads on
which were very small varying from 0.0293 ft. to 0.0778 ft., corres-
ponding to the heads h = 0.0916 ft. to h = 1.514 ft. The chance
for error, therefore, was considerable . The low values obtained
must carry much less weight than most of the values obtained in
with the head
other tests. The great variation in cA in the light of the experi-
ments herein recorded also in^ic^tes inaccuracy in results.
Table a&r
Ellis — Coeffjcientg of Discharge for Horizontal
Subme rgeaJo r i=i ce s with • Full G ont r a c—
ti on
.
i r eula r
Diam. = 1 ft.
Square
1 ft. by 1 ft.
Head Coefficient
ff« Discharge
Head Coefficient
Discharge
2.60 0.607 2.52 0,600
4.71 0.590 3.92 0.602
6.41 0.606 7.99 0.606
8.10 0.599 11.58 0.605
8.80 0.600 14.31 0.611
12.09 0.600 16.22 0.606
14.25 0.601 18.45 0.606
16.29 0.602
18.66 0.599
Tabic 23, gives the results of the experiments of T. G. Ellis.
Each value of c is the average of from 5 to 15 experiments at
approximately the same head.
Discharge was measured over a. weir, the head on which was de-
termined by means of a tube placed very mear the inner face of the
weir. However, since the velocity of approach was small, the error
from the cause is probably small, i-'rancis 1 weir formula was used.
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There wete no heads upon the weir less than 0.28 ft., and "but very
few less than 0.5 ft. The proportion of length and depth were such
?s to make Francis' weir formula applicable
•
Table WL\ Balch - Coefficients of Discharge for Vertical
Submergea^6iffices with-Full Contraction.
~ - — —
Cir cular ouare
Diam. = 1 ft. 1 ft . by 1 ft.
Herd Coefficient Head Coefficient
ft • Discharge ft
.
Discharge
h c h c
0.145 0.5909 0.363 0.5940
0.469 0.5902 0.750 0.5940
C\ OKIU . OD± 0.771 0.5932
1.254 0.5893 (y 0.826 0.5982
1.612 0.5921 0.805 0.5950
2.012 0.5924 1.134 0.5960
2.421 0.5954 1.371 0.5970
2.949 0.5967 2.097 0.6056
3.410 0.6006 2.636 0.6105
4.015 0.6054 3.220 0.6095
3.975 0.6148
Table 24 gives the results of the experiments by L. E. Brlch.
The head, h, causing flow was measured means of two glass
tube gages, one on each side of the partition which contained the
orifice plate and which separated the two tanks, h being the dif-
ference in the gsge readings. Erch gage was read by estimating to
0.001 ft.
The discharge was measured over a 12-in. rectangular weir
which previously hrd been calibrated.
Drvis and Brlch found the values given below for a submerged
square orifice 1 ft. - 6-1/8 in. on e^ch side, the length or thick-
ness being 6 in. While this is not a thin edged orifice the length
or thiclmess is not sufficient to cause it to act as a short pipe
or tube, although contrrction is somewhat suppressed. The values
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in head.
Table 25.
Head
ft.
h
Coefficient
Dis charge
c
< 0.135
•f 0.316
e. 0.540
0.704
0.862
<r
0.794
0.620
S .446
3 0.219
t. 0.146
0.615
0.631
0.641
0.647
0.663
0.659 (VL~*~r+~V-*
0.644
0.633
0.610
0.603
Table 26.
Stewart — Coefficients of Discharge and Loss
for a Wooden Submerged Orifice 4 ft. Square.
Contraction Somewhat Sappressecl.
Eead
ft.
h
Coefficient Coefficient
of Discharge of Loss
c / m
0.05
0.10
0.15
0.20
0.25
0.30
0.626 2.55
0.608 2.70
0.605 2.73
0.605 2.73
0.606 2.72
0.610 2.69
0.06 to
0/.30
0.610 2. 68 Average \
Values • \ V*
Table 26 gives values obtained with a short tube O^QSl ft.
long (see Table 32). While the i = 0.077 is very small, without
d
doubt, the value of c is larger than would be obtained with a sharp
edged orifice.
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.
Be suits of Earlie r Experimenters
_
on Llouthpieces .— The
values in Table 27 were obtained with mouthpieces as shown in Fig. 29
Table 27.
Castel — D'Aubuissson — Conical Converging
Mouthpieces Discharging into Air
Flush Entrance.
Length = 0.131 ft. d = 0.05. ft. Length = 0.164
,
ft . d = 0.066 ft.
-
a c « c OC c oC c
0.829 16° 36' 0.938 2° 50' 0.914 13° 40' 0.956
1° 36' 0.866 19° 28 1 0.924 5° 26' 0.950 15° 2' 0.949
3° 10' 0.895 23° 00 T 0.914 6° 54' 0.938 18° 10' 0.959
4° 10' 0.912 30° 00 1 0.895 10° 30 1 0.945 23° 4' 0.930
5° 26' 0*924 40° 20« 0.870 12° 10 T ' 0.950 35° 52' 0.920
7° 52' 0.930 48° 50' 0,847 Length = ft. a = O.U-56 ft
13° 24 1 0.946 OC OC fi
11° 52' 0.965 16° 34' 0.952
14° 12' 0.958
Jl
length
Heads employed varied, for each given experiment, from 9.84 ft.
to 0.66 ft., but there was only a very slight difference in the
value of c with varying values of the head for the same mouthpiece.
The mouthpieces were of smooth polished
metal. The quantity discharged was measured
volume trically • According to this table
the coefficient of discharge attains its
maximum value of 0.946 for a. mouthpiece
w.iose sides converge at an angle of 15-1/2°
although the coefficient of velocity in-
creases continually with the angle of con-
vergence .
iTiesbach formed a circular orifice in a vertical wall 0.0165 ft
thick, shaped as nearly as possible to the form of a jet from an
orifice in a thin wall.
Fig. 2 3.
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For such an orifice discharging into air with the outlet
diameter = 0.03 3 ft. he found the following coefficients of dis—
clmarge
:
liable 28.
h, ft. c
0.06 6 0.959
1.64 0.967
11.48 0.975
55.77 0.994
328.00 0.994
Ellis formed a wooden mouthpiece on a sqiaare horizontal ori-
fice, each side of approach being a quarter ellipse with semidiam—
eters 0.5 ft. (vertical) and 0.33 it. (horizontal). The discharge
section l orifice) was 1 ft. square, -he following values were ob-
tained with submerged discbarge
Table 29.
h. ft. c *
3.0416 0.9.312 \%X
3.0733 0.9523
5. 7593 0.9453
5.7790 0.9452
5.7630 0.9460
10.53^8 0.^425
10.6035 0.9436
13.5709 0.9434
18,8263 0.9457
18.2180 0.9436 3*.'
By setting the mouthpiece shown in x'ig. 30 in a pipe and meas-
uring zne pressure on each side, .Brownlee found the following' values
for the coefficient of discharge taking the head as the difference

Fj$. 3Q
.
ill.
in pressures on the two sides of the mouth-
piece •
Table 30
Head
x t •
1
g
4
6
8
10
12-1/2
Actual Aver-
age Velocity
ft. per sec.
v
7.55
10.73
15.39
18.9
21.85
24.49
27.4
Coefficient
of Discharge
0.941
0.946
0.959
0.961
0.963
0.965
0.966
Table 31
Stewart — Coefficients of Discharge for an El-
liptical Entrance Mouthpiece on Wooden Sub—'
merged 4—ft. x 4—ft . Square Tubes of
Va r i ous Lengths
•
Head
ft.
0.31 2.50
Length in Feet
•
5.00 10.0 14.0
0.05 0.954 ^.928
0.10 0.919 0.899
0.15 0.924 0.898
0.20 0.936 0.911
0.25 0.953 0.926
0.30 0.968
0.925 0.913 0.917
0.887 0.880 0.881
C.888 0.882 0.883
0.900 0.895 0.894
0.917
Francis found the following coefficients of discharge for a
submerged cycloidal mouthpiece — Part A, Fig. 33.
Head Actual Aver— Coefficient
ft. age Velocity of Discharge
h ft. per sec.
v c
0.034 1.20 0.815
to to to
1.52 9.52 0.944
Eighteen experiments were run and c showed a rather gradual in-
crease with the head. The wide range in the value of c, no doubt,
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is due to eiioi in determining the iischatge over a weir at very
low heads {see Table 36).
The value of c = 0,942 for heads greater than 1.5 ft. corres-
ponds closely with the maximum va.lue,c = 0.946, found "by Castel for
the smallest discharge area (diam. 0.05 ft.) of his conical mouth-
pieces with angle OC = 15° 24'
•
Francis states that when the discharge was into air, Ilichelotti
in one of his experiments by employing a cycloidal tube found c =
0.983. Eytelwein found c = 0.980. Other experimenters have found
0.96 to 0.98.
Y/eisbach found with the divergent mouthpiece shown in Fig. 31
the value c = 0.946 for heads varying from 0.82 to 10.82 ft., cal-
culation being based on the smallest area.
Ejrtelwein found with the divergent mouthpiece with rounded en-
trance (Fig. 52) c = 1.55, the smallest area being used in calculat-
ing the theoretical discharge. . . ti /
Fig. 31 F/g. 32.
Fieeman , s experiments on smooth nozzles gave the following
values
:
h
ft.
o
120.1
119.7
46.7
0.987
0.985
0.990
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84.Besuits of Ear lie r Experimenters on Short Pipes with Entrance
Flush.— D'Aubuisson gives the following values of c as deduced
by the authorities named. Water Discharged into air.
Table 32
.
Authority Diemeter 1 h c
pj-1 . ft. ft.
Castel 0.051 0.131 .66 0.827
Tf 0.051 0.131 1.58 0.829
IT 0.151 0.131 3,2 0.829
M 0.151 0.131 6 .6 0.829
Jl 0.151 0.131 9.9 0.830
Eytelwein 0.085 0.256 2.4 .821
Venturi 0.154 0.420 2.9 0.822
llichelotti 0.266 0.709 7.1 0.815
Square,
Side -ft
•
ti 0.266 0.709 12.5 0.803
n 0.266 0.709 22.0 0.803
7/eisbach gave the following values of the Coefficient of
Discharge for tubes three diameters in length under heads 0.75 to
1.97 ft. as follows:
Diameter (ft) 0.033 0.066 0.098 0.131
c 0.84 0.83 0.82 0.81
TTeisbach states that Buff found,with a tube 2.79 lines wide
that
and 4.3 lines longyA c inoteased from 0.825 to 0.855 when the herd
decreased from 33 to 1-1/2 inches.
Table 32 gives the results obtained by Bossut.
.
The pipes were of well polished copper, of true cylindrical
form. In determining the coefficient of discharge, Bossut. measured
h from the discharge end of the pipe. The results are smallest than
given by other experimenters. Taking the head to the entrance of
pipe gives as computed by E. Smith. This head corresponds to
the head which should be used if pipfl were horizontal. There seems
little justification for this however. In the light of the experi—
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Table 3$,
Bossuti, — Flow through Vertical Cylindrical Pipes with
End Flush.
Lower End Flowing Full — Discharge into Air.
T-T pprl f rn
•
— \J - -
T. a *n<y+Vi f!oeff i — O v/ L X~""
Surface of of Pipe Velocity cient cient
U U JjU . /c 1 JT J. jJC JL bill U U-^Xl n-P TH
_!_J.'J Ul ff u. TH -no Pt* A7 CP
Pi-oe per Sec. taking
ft. h to Ent-
von/*»/5 p» -p
Pipe
h 1 d V c H
12.862 0.355 0.0888 A 23.15 0.804 0.816
12.684 0.17 7 0.0888 2 22.97 0.804 0.810
12.640 0.133 0.08 88 1.5 22.94 0.804 0.809
4.085 0.177 0.0444 A 0.785 0.803
4.085 0.177 0.0740 2.4 12.76 0.787 0.805
2.131 0.17 7 0.0444 4 9.21 0.786 0.821
2.131 0.17 7 0.0740 2.4 9.23 0.789 0.824
ments herein recorded these values do not seem so low. From the
experiments Eossut deduces a table showing the discharge through
a cylindrical pipe, with 8 diameter of 0.089 ft. and a length of
0.178 ft. under a head from 1.07 to 16.0 ft. showing c to vary
gradually from 0.8055 for the lesst head to 0.8005 for the largest
head •
Table 34.
Stewart — Values of Coefficients of Discharge for Sub-
merged Square 'Tooden Horizontal Tubes of Various
Lengths, 4 ft. Sour re, with Entrance
Flush
Length of Tube in Feet.
0.31 0.62 1.25 2.50 5.00 10.00 14.00.
=0.077 =0.165 =0.33 =0.66 =1.25 = 2.5 = 3.5
0.626 0.645 0.666 0.761 0.797 0.814 0.786
0.608 0.626 0.642 0*718 0.755 0.772 0.786
0.605 0.624 0.639 0.702 0.751 0.771 0.786
0.605 0.626 0.642 0.705 0.761 0.786 0.801
0.606 0.650 0.648 0.714 0.775 0.804 0.820
0.610 0.635 0.656 0.725 0.789 0.824 0.841

Stewart on a submerged tu"be 4 it. square. 115.
The velocity varied from 1 to 4 ft. pel second.
For the tube 5 ft. long or longer the discharge end flowed
full while for 1 = 1.25 ft. and 1 = 2.50 ft., the discharge end
did not flow full even though submerged. A current flowed up stream
in the upper part of the tube, showing the effect of gravity under
low heads
.
Tahle 35
Balch — Values of Coefficients of Discharge for 4—in.
Diameter Submerged Short Pipes with Flush
Entrance
•
Length Head Coefficient of Discharge
in. ft. Range Average
0.607
0.649
0.768
0.797
The results show no uniform or consistent -variation with the
head. From the 'results given in T.?ble 38 for i = 2.5 or 5.0 the
Coefficient of Discharge would be slightly greater than for ^ = 1.5.
1.0
1 1
d= 1
2.0
i- °- 5
4.0
|= 1.0
6.0
}- 1.5
0.304 0.5985
to to
3.900 0.615
0.172 0.6548
to to
3.995 0.6707
0.557 0.7515
to to
1.003 0.7874
0.590 0.7817
to to
5.881 0.8170
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25. Be suits of gaxlle l Sx-oeri-ienters v/j th Sho it Pi -pes with Inward
P r o j g c t i n~; Bnt
g
an g e .— Experiments by H.J.I .Bilton give the fol-
lowing values of the Coefficient of Discharge foi cylindrical pipes
discharging in atmosphere with heads from 0.5 ft. upwards; uppei
limit not stated although the heads used in the case of orifices
reported in the same paper varied from 2 in. to 100 in. The length
of the tube in every case was 2-1/2 diameters.
Diameter in
inches
1/8
1/4
3/8
1/2
3/4
1
1-1/2
2
2-1/2
Coefficient
of Discharge
0.91
0.87
0.85
0.85
0.81
0.79
0.77
0.76
0.75
"Bidone with a circular pipe of 0.13 ft. diameter and length
0.22 ft.(l = 1.7) when discharging into air found c to be 0.767.
"7/eisbach found in a similar case a value of 0.71."
26
.
Results of Earlier Experimenters on Combination of Bnt ranee
and Discharge Mouthpieces
. — Francis 1 values obtained on the tube
Figj 25. Compound rube u~ed by Prune is.
^.ngle of Divergence, 5°-l'.
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shown in Fig, 35 found values as given in Table 36 fox submerged
discharge. The discharge was measured over a weir some of the
heads on which were so small as to make appreciable errors very
probable. Table 36 includes only values as given by H. Smith, Jr.,
fox which the head on the weir is greater than o.OV. The coeffi-
cient of discharge is based on the smallest area, 0.00806 sex.
Table 56
Francis — Flow through Submerged Compound Tubes.
Part Used h 6 c Part h c Part h c
ft. Used ft. Used ft.
A 0.55 0.927 ABC 0.14 1.98 ABCD 1.18 2.43
•A PiU • I o u • y«->o ABC 0.21 2.05 ABCD 1.56 2.43
A 0.98 0.928 ABC 0.31 2.07 ABCD 1.59 2.26
A 1.83 0.953 ABC 0.50 2.12
A 1.40 0.937 ABC 0.71 2.15
A 1.52 0.944 ABC 1.1C 2.16
ABC 1.51 2.12
AB 0.20 1.48 ABCD 0.13 2.08 ABODE 0.11 2.05
AB 0.30 1 .51 ABCD 0.27 2.25 ABODE 0.15 2.11
AB 0.40 1.54 ABCD 0.44 2.26 ABCDE 0.21 2.17
AB 0.85 1.59 ABCD 0.63 2.30 ABCDE 0.31 2. 26
AB 1.45 1.60 ABCD 0.92 2.58 ABCDE 0.42 2.51
AB 1.47 1.57 ABCDE 0.64 2.50
ABCDE 0.96 2.51
ABCDE 1 .29 2.39
ABCDE 1.36 2.33
ABCDE 1.41 2.25
The results obtained by Brownlee with the tube shown in Fig.
34 S.re given in Table 57 . This tube was placed insid.e of a o op;
in. pipe amd the he-d taken as Me difference in the pressures as
measured on each side of the pipe. It is doubtful if the same re-
sults would be obtained with an arrangement like that of Francis.
The results herein recorded indicate this.
/
118
,J382
j
Fig ,34 — Compound Tube Used by Brownlee - Angle of
Divergence about 7°—5'.
Table 57.
Brownlee
— Flow through a Submerged Compound Tube.
h Actual c
ft. veloc-
l oy x o •
per Sec.
0.25 6.66 1.66
0.50 10.25 l.oO
0.75 15.6 1.96
1.00 16.54 2.04
3. CO 27.74 2.18
3.00 31.95 2.30
4.00 57.90 2.56
5.00 43 .45 2.42
6.00 48.14 2.45
Venturi experimented on many forms of diverging tubes, the
maximum increase of velocity was obtained with a conical tube in
which the sides diverged from each other at en angle of 4° 27'.
Attaching an entrance mouthpiece having nearly the form of the con-
tracted vein, the velocity was increased in the ratio of 1 to 2.,
the discharge end flowing' full in each case ^nd discharging into
air .
Eytelwein made some similar experiments with a mouthpiece and
a tube whose sides diverged at an angle of 5° 9'. Ee forma that
the velocity
./as increased in the ratio of 1 to 1.69
Table 35 gites the values obtained by Stewart with a 4-ft.
square submerged wooden tube of various lengths and with entrance
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Table 28"
Stewait — Values of the Coefficient of Discharge
for Flovz through Horizontal Submerged Tube
4 .0 feet square .
Eead Forms of En-
ft. trance end
h Outlet.
I - ngth of Tub e in Feet.
0.31 0.62 1.25 2.50 5.00 10.0 14.0
Values of the Coefficient , c
.
0.05 Square Corners 0.626
a 0.666
b 0.733
c 0.823
c
d 0.931
0.15
0.645 0.666 0.761
0.735
0.761
0.761
0.797
0.801
0.822
0.863
0.814
0.928 0.925 0.913
0.828
0.837
0.851
0.877
0.873
0.917
0.10 Sauare Corners 0.608 0.626 0.642
a
b
c
c
d
0.631
0.679
0.764
0.919
0.712
0.692
0.712
0.712
0.755
0.763
0*785
0.818
0.772
0.899 0.887 0.880
Square Corners 0.605
a 0.626
b 0.672
c 0.758
c
d 0.924
0.624 0.639 0.702
0.683
.702
0.702
0.751
0.760
0.779
0.8 9
0.771
0.898 0.888 0.882
0.20 Square Corners 0.605
a 0.628
b 0.675
c 0.764
c
d 0.936
0.626 0.642 0.705
0.689
0.705
0.705
0.761
0.770
0.788
0.829
0.786
0.786
0.792
0.804
0.831
0.820
0.881
0.786
0.795
0.805
0.850
0.820
0.865
0.911 0.900 0.895
0.801
0.811
0.824
0.846
0.837
0.894
0.25
0.30
Square Corners 0.606
a . 650
b 0.678
c 0.772
c
d 0.953
0.650 0.648 0.714
0.700
0.714
0.714
0.775
0.783
0.801
0.845
0.804 0.820
0.926 0.917
Square Corners 0.610
a . 635
b 0.684
c 0.781
c
d 0.968
0.655 0.656 0.275 0.789 0.824 0.841
Forms of Entrance and Outlet Used for i'ubes
in Table Continued on Next Sheet.

ISO
Forms of Entrance and Outlet Used
Tubes in Table $1
Squaxe Corners:— Entrance: all corners, 90° — Flush.
Outlet: tube projecting into water on down stream
side of "bulkhead,
a:— Entrance:, contraction suppressed on bottom.
Outlet: tube projecting into water on down stream
side of bulkhead.
b:— Entrance: contraction suppressed on bottom and one
side
.
Outlet: tube projecting into water on down stream
side of bulkhead.
c:— Entrance: contraction suppressed on bottom and two
F'ides .
Outlet: tube projecting into water on down stream
side of bulkhead.
c' :—Entrance: contraction suppressed on bottom and two
sides
.
Outlet: square corners with bulkhead to sides of
channel preventing the return current along
the sides of the tube.
d:— Entrance: contraction suppressed on bottom, two
sides and top.
Outlet: tube projecting into water on clown stream
side of bulkhead.
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suppressed on one cr more sides "by means of wooden curved approaches,
elliptical in form. The curves of the ellipse had semi-axes of 3
ft. and 2 ft. Hence, in the case of a complete entrance mouthpiece
(entrance suppressed on all four edges) the outer area is 8 ft.
square in a plane 3 ft. from the entrance to the 4 ft. tube.
Table 59
Balch — Flow through Submerged Cylindrical Tubes 4 in. in
Diameter with Bevelled Entrance.
Entrance
Bevel
Ilength
in.
Head
ft.
Coefficient of
Lis ch er ge
Patio of Area
of Tube to
Range Average Outer Area of
Bevel
.
1/2" x
1/2" 1
cT
1.0
= 0.25
0.428
to
2.435
0.7137
to
0.7475
0.7311 1 to 1.56
3/4" x
3/4" 1
cT
2.0
= 0.50
0.463
to
4.08
0.8203
to
0.8741
0.863 1 to 1.9
3/4" x
3/4" 1
I
4.0
= 1.0
0.314
to
4.045
0.8964
to
0.9327
0.9153 'V
3/4" x
3/4" 1
cT
6.0
= 1.5
0.3745
to
3.960
0.9104
to
0.9260
0.922 ""
Table 39 shows the results obtained by Balch.
There was no uniform or consistent increr-se in c as the head
increased although the values of c are in most cases smeller for
h < 1.5 ft. than for h j> 1.5 ft. The values of c remain almost
constant forh y> 1.5 ft. and ^re slightly greater than the aver-
age of all the values as given in the above table.
Davis and Balch
f
with the mouthpieces and tubes shown in Fig.
35, 36, and 37 obtained results as given in the following tables,
c being taken as an average for heads of nearly the same value.
f

Table 40
12:
Tube as Shown in Fig-
IB Experiments
.
la
ft.
0.114
0.170
0.228
0.299
0.595
0.511
0.612
0.748
V
1*
0.829
0.867
0.849
0.846
0.877
0.894
0.940
0.955
1 »iZ-G
—>
N f
t r
'
1"
F/q.3S. Saaare Tube
Table 41
Tube as Shown in Pig
29 Expei iments
.
h c
ft.
0.061 0.889
0.100 0.951
0.165 0.866
0.255 0.971
0.276 0.948
0.508 0.994
0.541 0.968
0.580 1.05
0.404 1.00
0.480 1.02
0.549 1.06
Ft'6. 36. Square Tube
Tube
Table 42
as Shown in Fig
17 Expel Iments
•
h c
ft.
0.095 0.965
0.146 0.974
0.220 1.017
0.509 0.98 7
0.574 1.015
0.461 1.000
2-6-
1
Side
Jll
T
Front
Fjg. 37. Square Tube
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